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Summary 

From the occurrence of a species of fish hitherto known from the Sind Hills in the 
Aravalli range, evidence is adduced to show that there was probably a hilly connection 
between the two ^areas though the intervening portion is now submerged below the sands. 
There are in the Aravallis, six species of fish which are typical of the fauna of Peninsular 
India. It would seem that during the late Himalayan movements, the northern and 
north-western parts of the once extensive Aravalli range sank with the result that there 
was down-warping of the range northwards. In this process, the aquatic fauna of the 
south may have had a chance to be transferred to the Aravalli range. The distribution 
of fishes thus points to great changes undergone by the Aravalli range both in height 
and extent during the late Himalayan movements. These changes had a profound effect 
on the physiography and climatology of Rajputana subsequently. 

In the fish-fauna of Peninsular India, particularly of the Western Ghats, 
there is a marked Malayan element. To explain this anomaly in distribution, 
the senior author proposed the Satpura Hypothesis, which has now received 
considerable support from various branches of science. In order to find out any 
possible role of the Aravalli Ranges in the migration of the Himalayan fauna to 
Peninsular India, parties of the Zoological Survey of India made collections of 
the fauna in Rajasthan in 1941 and in 1948. The fishes in these collections 
have now been worked out by the junior author at the University of Delhi. 

Of the 22 species found in these collections, 50% are widely distributed in 
the Indian Sub-Region, and are, therefore, of little value for zoogeographical 
studies. These are Rasbora daniconius (Ham.), Barbus {Puntius) sarana Ham., 
B. {Puntius) sophore Ham., B. (Puntius) ticto Ham., Labeo boga (Ham.), 
jL. calbasu (Ham.), Lepidocephalichthys guntea (Ham.), Nemachilus botia (Ham.), 
Glossogobius giuris (Ham.), Ophicephalus punctatus Bloch and Mastacembelus 
armatus (Lac6p,). There are four other species, viz,, Barilius hendelisis Ham., 
Esomus danricus (Ham.), Danio devario (Ham.) and Cirrhina reha (Ham.), 
which are widely distributed in India and thus are of little significance^ for^ our 
present study. The remaining seven species are of great value,- for their distri- 
bution indicates some remarkable palaeogeographical features of the country. 

The occurrence in the Aravalli Range of Labeo nigripinnis Day, a species 
hitherto known only from the Sind Hills, raises points of great distributional 
significance, since the two hilly areas are at present separated by a long stretch 
of desert country. Glennie in Chart No. 15 of the Survey of India Geodetic 
Report for 1936 (Text-fig. i) has, however; shown from the gravimetric and other 
geophysical evidence that concealed ridges exist under the desert sands which 
may have established a connection between the Kirthar Range of Sind and the 
Aravalli Ranges. Surface geology and strikes also indicate the probable occur- 
rence of subsoil ridges. In fact, the present water-logging in the Western 
Punjab is stated to be due to the presence of such concealed ridges which 
obstruct the underground water of the Punjab alluvial basin from being draipei} 
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into the Ganga basin. The Sangala hills are probably the present-day stumps 
of one of these old ridges. It was probably along such land connections that 
Labeo nigripinnis of Sind may have migrated to the Aravalli Range. 



It Si/ryfY 


Text-hg. I. The Ground-Water Basins of North -W^est India (Modified after Auden 1950, 

pi. iv). 

As regards the actual period of migration of Labeo itigripinnis from the 
Kirthar Range to the Aravalli Range, it may be noted that during the Cretaceous, 
Eocene (Text-fig. 2), and Miocene (Text-fig. 3) periods, the greater part of Sind was 
under the sea and that even during the Pliocene (Text-fig. 3 bottom) an arm of the 
sea intervened between the two regions. So the dispersal of the species probably 
took place during the Pleistocene. The individuals of the species in the Aravalli 
Range do not appear to be even racially differentiated from those occurring in 
Sind, which again points to the fact that the isolation of the stocks of the species 
is, comparatively speaking, a recent geological event. During the Pleistocene, 
there were five major Glacial Epochs when the sea level fell considerably and the 
land became relatively, much higher. During. Glacial periods, therefore, land 
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TfiXT-FiG. 2.— Sea and Land Boundaries of North-West India during tlie Cretaceous 
id Eocene periods (Modified from MS maps suppHed by the late Sir Cyril Fox, in i93^>* 
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^ TKxT-Pia. 3 — Sea and Land boundaries of North-West India during Miocene and 
Pliocene periods (Modified frona MS maps supplied by the late Sir Cyril Fox in 1936), 
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connections of some elevation were established in areas which now seem to be at 
the sea level. From the non-existence of any evolutionary divergence between 
the two stocks, it seems most probable that L. nigripinnis migrated to the Aravalli 
Range during the last Glacial period which ended about 7,500 to 10,000 years ago. 

I he remaining six species, namely. Chela clupeoides Bloch, Barbus {Tor) 
khudree Sy'ko%, B. {Pmitius) amphibius (Cuv. & Val.), Garra mullya (Sykes) and 
Nemachilus denisonii Day, represent a group of species known only from 
Peninsular India and there can thus be no doubt that a part of the fish-fauna 
of the Aravalli Hills is derived from that source. According to Auden (1950, 
p. 18): 


"The visible portions of this range represent only the main orientation of its 
axis, but partially submerged extensions of the range show that it originall3-- had a 
fan-shaped develox:)ment, which includes a concealed ridge northwards from Narnaul, 
and then N.W.-S.E., jp^-st the visible inliers of Sangla and Karauli, to Shahpiir at 
the foot of the Salt Range. The Aravalli range forms the pre -Cambrian backbone 
of the Peninsula which has resulted in the Pleistocene and Recent alluvial down- 
warps, formed in response to the late Himalayan movements, being confined to the 
three distinct basins of the Ganga, Amritsar-Tmdhiana, and Multan, rather than 
forming one continuous zone". 

The late Himalayan movements would seem to have resulted in the sinking 
of the northern and north-western extensions of the Aravallis with the result that 
through the process of downwarping the typical forms of the Satpuras and of 
the Sind Hills got dispersed to the Aravalli range. The common carp-minows 
and some air-breathing species of the Indo-Gangetic basin also reached the 
Aravallis during this process. Though the fauna of the Aravalli range is at 
present isolated from that of Sind and the Peninsula, as pointed out already, no 
racial differences have been observed among them which shows that isolation 
is, geologically speaking, of a comparatively recent date. The absence of any 
endemic species in the Aravalli Range also points to the-'same conclusion ^ Thus 
the evidence provided by the distribution, non-raciation and non-endemicity of 
the Aravalli fishes indicates that 'this range has undergone great changes, both 
in height and extent, during the later Himalayan movements. Though at 
present, the Aravalli range is not an effective barrier to the spread of the sand 
of the great Thar Desert, which now stretches up to its western flank, at one 
time it must have protected parts of the present Rajputana Desert from arid 
zone influences. Recent changes in the height and extent of the Aravallis, no 
doubt, had a profound effect on the physiography and climatology of Rajputana. 

Reference 

Auden, J. B., 1950. Introductory Report on the Ground-water Resources of Western 
Rajasthan. Bull Geal Surv. India (B.), i, pp. 59 . 
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CLASSIFICATION OF THE HOMALOPTERID FISHES, 


Bn SxiNCBR Lal Hoba, D.Sc. (Pimj. et Edin.), F.n.S.E., F.L.B., F.Z.B., 
F.A.S.B., Zoological Survey of India. Calcutta. 

Tlic taxonomy of the Homalopterid fishes has been involved in a great 
i oufnsion and this fact has greatly impeded the progress of my work 
on the bionomics and evolution of the Homalopteridae. During my 
visit to Europe in 1927-29 I availed myself of the opportunity of examin- 
ing the collections of these fishes in the British Museum, as "well as in the 
aoplogioal museums at Paris, Leiden, Amsterdam, Berlin and Genova. 
With the knowledge thus gained I am preparing an account of the 
geuei’ic classification, bionomics and evolution of the Homalopterid 
fishes, but as this work is likely to take some time yet and as the study 
is fairly advanced I have thought it advisable to give in this short note 
my views on the classification of the family.^ 

The Homalopterid fishes constitute a remarkable family of torrent- 
inhabiting loaches which are characterised by a subterminal and in- 
ferior mouth, a flattish lower surface and horizontal paired fins with the 
anterior rays “ simple”. As I have indicated elsewhere, ^ the so-called 
simple rays are of two kinds. In Balitora, for exaipple, the simple rays 
are apparently produced hy the coalescence of the branches of an ordi- 
nary ray, whereas in Gastromyzon there is only one true simple ray, the 
neighbouring rays, although appearing simple superficially, being in 
reality forked. In this last case the primary branching is retained and 
each of these branches is then modified into a simple ray. On the 
morphological structure of the “ simple ” rays the members of the 
family Homalopteridae can be grouped into two subfamilies— Homalop- 
terinae and Gastromyzoninae.® The fortper is characterised by the 
presence of two or more undivided rays in the paired fins, whereas the 
latter possesses only one undivided ray in the paired fins. The genera 
Honialoptera, Balitora, Hemimy^n, Sinogastromyzon-, SinoTiomaloptera . 
CJiopraia and Lepturichthys are thus referrable to the Eomalopterinae 
and the genera Parhomaloptera, Pseudogastromyzon, Gastromyzon, Cros- 
sostoma and Formosania to the Gastromyzoninae. The remaining genera 
such as Glan/iopsis, Homalosonia and Octonema are more closely related 
to the Cobitidae than to the Homalopteridae. 


1 After this article had gone to press I received a copy of Mi’. P. W. Pang’s very 
interesting paper entitled “New and Inadequately Known Homalopterin Loaches of 
China ” {Oontrdmtiom Biol. Lah. Sci. Soe. China, Zool, Ser. VI, No. 4, pp, 526-43, 1930), 
in which he gives a rearrangement and revision of the generic characters of Gastromyzon, 
Sinooastromyzon and their related genera. It is not possible to discuss his system of 
classification in this note, hnt 1 hope to do so in the near future when publishing a 
detailed account of the classification, bionomics and evoluiion of the Homalopterid 
fishes. 

® Bora, FMl. Trans. Boy. Soc. London (B) COKVIII, p. 267 (1930). 

*I am retaining the subfamily designations proposed hy Powler {Bros. Acad, Nat, 
Sci. Phitad. (2)‘L'ni, pp. 476, 477 j 1906), though my characterisation of the two snb- 
familfes is entirely different fropa that given by Powler, 

I 1 
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Among tlie Horaalopterinae, IJomalajdera- Bahlora^ fjemvmyzon 
and Sinogastromyzon form a regular graded seric^^, while the 8-ba.rl)eJle<l 
Sinohomaloptera, the many-harbelled LeyMmehthys and tin* larger- 
eyed CJiopraia represent side branches of the main stem of (wohition. 
Similarly among the Grastromyzoninae, Parhomaloptera, Pseudoyastre)- 
myzon and GastroMyzon constitute a regular series, wliea*eas the many- 
barbelled Crossostoma and Formosania seem to have diverged Irom tlut 
main line. A close study of the two subfamilies shows that (jvohition 
has proceeded ainpng them «along parallel lines and the most speciali^^ed 
forms of the two' subfamilies show remarkable convergence of chara,cd.orB» 
It is interesting to note that both in Sinogasirimf/yzon and in Gasirohryzon 
the ventral fins are united .posteriorly to fo)*m a disc for the purposes of 
adliesion, . : . ‘ ... 

For convenience of 'reference I give below a list of the geii<!^ra of the 
Homalopteridae with references to their original deBcriptionB and 'th(* 
names of . the- type-species' with such other information as I consider, 
it is desirable to publish xit this stage of jny work. 


Subfamily Homalopteifiitae. 

ffomaloptem van Haisselt, Algem. Komt-en Letterhode 71, p. ISO 
. ' (18S3)/' : ' ' . ’ . ’ 

Type-species :—HomalopUra .WissM Bleeker (— //, fasCiala 
- • van. Hasselt); ' 

Synonyms : — Helgia Vinciguerra. Honialoj)tero!des Fowler and 
Phavdniallom. 

2. Balitord Gxhy, lUstr Ind,, Zoology I, pi. Ixxxviii, fig. I (1832). 
Type-species :.~JBaKtora hriicei Gray, 

3. He7mmyza')i Regan, Ann. Mag. Nah Hist, (8) VIII, p..32. (191.1).. , 

. Type-species. l—Memimyzoii ' formosanmn (Eourenger), /. * : 
,Hd)ndloptera'dbbreviata Gunther (Pmit^s. Snows .of 'Tibet, p. 248, 

. pi. iii,' fig, B, 1S92) and PsihrTiymhus sineMses Sanvage et 
Dabry (4m.:^a. I, art..5, p., 14, 1874). belong 

■ ■ ■ ,t <5 the geuiis Heimmyzon. \ 

4. \Sinogastromyz0n Fang, Sinensia 1, p. 36 (1930). 

. ■ .. Type-species Sinogastromyzon wui Fang. . 

5. Sinoho^naloptera Fang, SinensiaH-jx. 26 (1930). 

Type-species Sino%omaloptera Jewangsiensis Fang. 

6. Ohopraia Prashad & Kec. Jn.d. Mm. XXXI; p. 188 (1929), 

Type-spedes : — Chopraia rupicola Prashad & Mukerji. 

IrLeptuncMhys Regan, Am. Mag. Nat: Hist. (8) VTII, p.‘3] (1911). 
Type-species »* — Lepturichthys fimbriata (Giinther). 


Subfamily Gastromyzoninae, 

8. Parho^naloptera Vaillant, Notes Leyden Mus. XXIV, p. 129 (1902). 
Type-species : — Parhomaloptera microstoma (Epulenger). 

9. Pseudogastromyzon Nichols^ Apur; Mns. Noxntates^ "Xo. 167, 

p. 1 (1926), : : . . ' ' . \ ’ 
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Type-species : — Pseudogastromyzou fasciatus Sauvage ^ (=P. 
zebroidus Nichols). 

10. Oastromyzon G-linther, Ann, Mag. Nat, Hist, (4) XIV, p. 464 

(1874). 

Type-species : — Oastromyzon borneensis Giinther. 

Synonyms : — Lepidoglanis Vaillaiit and N eogastroniyzon Popta, 

11. Grossostoma Sauvage, Bull. Soc. Philom. Paris (7) II, p. 88 

(1878). 

Type-species : — Grossostoma davidi Sauvage. 

12. Formosania Oshima, Ann. Carnegie Mas. XII, p. 194 (1919), 
Type-species : — Formosania formosanum (Steindachiier) ^ (=i'\ 

gilberti Oshima). 


^ Sauvage, Bull. Soc. Philom. Paris (7) Jl, p, 88 (1878). 

^ Steiudaehner, Ann. Akad. Wiss, Wi&n XJLV, p. 82 (1908). 
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L From the Records, Geolooicai. Survey oe India, Vul. LVT, 

Part 3, 1925.] 

A Freshwater Fish from the Oil-measures of the 
Dawna Hills. By the late N. Annandale, C..I.E., 
D Sc., F.R.S., Director h Sundar Lal Hora, 

D.Sc., Assistant Superintendent, Zoological Survey 
of India. (With Plate 14.) 

T he fish described in this note was collected by Professor J. W . 

Gregory, F.R.S., at Mepale in the Dawna Hills, Tenasserim. Its 
remains are preserved in stifi clay evidently of lacustrine origin and 
associated with the limestone in which the shells ^ from the 
same locality which one of us has recently described were obtained. 
The typo-specimen will be returned to Glasgow University. 

The species evidently belongs to the family Cyprinidae and 
we believe to the subfamily Cyprininse, but its characters are 
so distinct that a new gen-us must be set up for it. M^e propose 
for it the name : — 

Daunichthys, gen. nov. 

The head is large and about as deep as the body. It was 
apparently flattened above with the eyes in its upper half. The 
jaws arc not suctorial. The body is short and moderately deep. 



TE:sLT-iria* Dorsal and anal fins* 

(a) Dorsal fin; 

(//) A rial fin, 

1, 2, a spines of the dorsal ; brancliod and flexible rays o{ the dgrsah 
^ Annandale, Eec* Geot Surv. Ind., LV. pp. 97404? {W2Z). 
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There are at least 31 vertebrae, of which l.'i appear to bo caialal 
aad the caudal and trunk regions are about eciual in b'.ngth. The 
lateral line runs along the tail below the vertebral column. 

The dorsal fin is situated near the middle of the body and is of 
moderate length. There arc at least 16 rays, of which about 12 are 
branched. The last bony ray is stout and strongly serrated in its 
upper two-thirds. The caudal fin is long and deeply notched, with 
the two halves pointed and equal. The ventral lies below the dorsal 
and has more than six rays, none of which is strongly developed. 
The anal, which is situated behind the dorsal, is of moderate length 
and contains two unbranched and 9 branched rays. There is no trac(» 
of scales in the specimen. 

DATTNICHTnyS OREGOBIANXJS, sp. nOV. 


D. 3/12 ; A. 2/9 ; P. 7-f ; V. 6+; C. 30. 

The length of the head is contained 3 times in the total length 
without the caudal fin. It is as deep as the body. The greatest 
depth of the body js contained a little over 3 times in the total 
length without the caudal. The dorsal fin was probably gs high 
as the depth of the body' below it. Its first bony ray is short, the 
second of moderate length and the third , much longer and dc(ii)ly 
grooved throughout its length. The branched rays of this fin and 
certain rays of other fins are longitudinally grooved. The pectorals 
and the ventrals are widely separated and cannot have overlapfied. 
The commencement of the anal is ncarc'.r to the ventrals than to the 
•base of the caudal. 

The total length of our example is 56 mm., that of the head 
14-2 mm., the greatest depth of the body 14 ram., and the length of 
the caudal fin 13 mm. 

Having thus described tbe genus and the species we will now 
proceed to examine tbe specimen in greater detail 

Skull and associated skuctmes : — In the .region of the head the 
jaw-holies, the opercular bones, the secondary pectoral arch and 
the bones of tbe brain-case can be distinguished after careful examina- 
tion, but tbe otiier bones have been completely broken up. It 
seems, however, quite probable that there was a complete circum- 
orbital ring for traces of it can still be made out. Of tbc'. jaw-bones, 
the "lower jaw is broken in the middle longitudinally, whil(.( fho 
dentary of the unexiiosed side, which is also visible^ is further broken 
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into two pieces. The .mamillaries are represented by nodule-like 
bones at the top of the premaxillary, which is closely approximated 
to the dentary, From the direction of the jaws, which are directed 



T£XT-ftg. — Bones of the jaws, operculum etc .and the an.terior modified vertebrae, 
dentary; war« maxilla ; p, ma; « premaxilla ; o, =» preopereulum ; o* ar 

iiiteroperculum ; s. o==subopereulum ; o. —operculum ; pectoral fin ; p.c,= 
post clavicular process ; c.==cleithra; transverse process of first vertebra ; 

transverse process of second vertebra ; t^*=traDsverse prccets of fcuith 
vertebra; r’^^rib of first vertebra; r®=rib of fifth vertebra; r®= rib of sixth 
vertebra; 5*=scaphium5 i. Z.«interossicular ligament; /*= frontal ; 2 ? *= parietal; 
s. 0 = supraoccipitaL 


almost vertically upwards in the specimen, it is evident that the 
mouth-opening must have been directed obliquely upwards as in the 
living Gatla. The four opercular bones are quite clear and are 
well developed. It seems to be quite clear from the position of these 
bones that they have been detached from the jaw-bones post mortem 
and have been pushed backwards and downwards by external 
pressure. The secondary pectoral arch is complete and well develop- 
ed. It is not emarginate anteriorly, but exhibits a somewhat 
primitive form of the cleithra.^ The rib-shaped post-clavicular 
process of the secondary arch is also well marked. Lying alongside 
the posterior border of the cleithra is a rib-shaped "structure, which 
in aU probability represents a rib of the first vertebra, for we know 
of no other similar structure in this position in the living fishes. 

1 Mag, NuU EUU, (8) VIII, p 28(1911), 
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The brain-case is cracked in several places, but tlie supraoccipitul, 
the parietal and the frontal can be made out. 

7&-tebral Column:— In considering the vertebral eoluinii oi a 
Cyprinoid fish the chief interest lies in the modifieation ol uut(>riur 
vertebrae.1 fossil specimen is unique, so far as we are. aware, 

in having a rib of the first vertebra distinct aiid well developed. 
The existence of a separate distinct first rib is a very primitive 
character, but even in living forms the first vert, (dun. ^ posst'sses a 
well developed transverse process and in Catla mtla this is usually 
an elongated rib-like structure, reaching to about tlie middle of the 
transverse process of the second vertebra. fl.hc scaphiuiu a.nd .i 
portion of the inter-ossicular ligament of the weberian apparatus 
are also seen in our specimen slightly above the origin of the 
rib of the first vertebra. All the trunk vertebrae aire covered with 
skin and muscles and it is difficult to make out tlusir exact sirueturo. 
Those of the tail region are very clear and arc exactly similar to the 
tail-vertebrae of such fishes as Laheo rohita, Barbus lor and Catla cafla.. 
The skeleton of the caudal fin is also similar to that of these speeie.s. 

Integument . — We can find no trace of scales cither deta,(:hed or 
in situ, but the lateral line is quite clear in the anterior half of the 
body and can be traced along the caudal peduncle. It lies below 
the vertebral column and has a slight downward curvature anteriorly, 
while on the tail it seems to have been nearly straight and to have 
run parallel to and just beloilv the vertebrae. 

Affinities of Daunichthys:—T"ora what has been said above it is 
abundantly clear that the new genus belongs to the family Cypriniduc 
and probably to the subfamily Cyfmninae., The following com- 
bination of characters, however, distinguishes our new genus from 
all living and fossil genera of the family. 

The anal fin is provided with 9 branched rays and does not 
extend to below the dorsal ; the lateral line runs below the vei'tebrul 
column and in' the tail it was probably situated in the lower half 
of the body ; the dorsal fin possesses 12 branched rays and ‘6 spines, 
the last' spine is deeply grooved longitudinally on the right side 
and is strongly denticulated posteriorly and the body is entirely 
scaleless. 

In its general facies Daunichthys gregdrianus resembles certain 
species of the genus Barbus {$,' 1.) and in its up-turned mouth thosq 
# 

I Hota, tTowm. Soc* Bengal, (w. «.) XVIIIf pp. 14 (192S), 
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of Odtla. Neither Barbus^ nor Catla, however, possesses more than 
six hruiKihtHl rays in the anal hn and both arc provided with well 
developed scales. 

A deeply grooved dorsal spine is diaxacteristic of certain living 
scalelcHH North American genera of Cyprinoid fishes such as Meda 
ttjid Pkiffoptems. In these this spine is, ho%v'ever, composed of two 
rays, “ th<5 posterior received into a longitudinal groove of the 
anterior.”^ In the only acalelcss Cyprinid fish of the Oriental 
Ii<‘gion {Savjbwa resplendens ^ from the Southern Shan States) the 
dorsal spine is not grooved and is nomral in every respect. 

In the following table are given some of the chief characters in 
which the fossil Cyprinid genera of the Oriental region are distin- 
guished from one another. Of the other fossil genera of the family,® 
Home are known from America and others from Europe. Most of these 
ore either described from the remains of the pharyngeal bones and 
teeth or are characterized by the possession of a long dorsal fin 
without an osseus spine. In none of these in which the dorsal , fins 
arc preserved, are the rays grooved like those of Daunwlithys. 

Tlie Geological Survey of India has recently received from a 
boring in the Tenasserim coalfield at Kawamapyin, Mergui, certain 
.samples of clay very similar to that in which Daunichihys is preserved. 
They were obtained at a depth of 208 feet. They contain fish 
HpiiUiS, which at first sight are very similar to the last bony ray of 
Jhmnichthys, but closer examination shows that they differ in not 
Ix'ing grooved as well as minor characters. It is impossible to 
assign them to any genus or family with certainty, but they are 
jnolKibly i'rom a dorsal fin of a Cyprinid. 

‘ .(npi.ii) uHi! Evert, laiir,, V X. Sfil. J/- XLVH, Pavl T, p. 3^8 (ISCC). 

s Ainia,it<li,l(j, ABm., XIV.p. -IS (in’.S). 

^ I'^ir tin list nf fossil p-c.iu-ia ol tUo family Qyprundac see names ia 

iUxiiPH in OlaHmJioativn ppv 139-144: (Hiuuiford Univort?ivy, 

CaliConxia i 1923), 




* We haw followed Day’s Fi^es of Indm ia oar definitioiis of these geaera, which still peisist, hat Barbtte is broken up by some (wA by all) 
iBcmtiehthyoIogistsinfoanumber of smaller genemCseeWeberaad Beaolort^s FMee of the Inio-Ausbrcaian ArcM0Mm pp. 88-238 Clilhj. 

f Palsontogfa^^3 XXII, p. 411, pL ssiii, fig. 2 % pL sxIt, fig. 2 {1876). 

J Giintiaer, Gwh (n. s.) ID, p 439, ph sri, figs, 2,^ 3a, 3b, St ilh<6b * 
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A Note on the Maleri Beds of Hyderabad State (Deccan) 
AND the Tiki Beds of South Rewa. By N. K. N, 
Aiyengar, M. a.. Field Collector, Geological Survey of 
India. (With Plate 34.) 


Among the Gondwana rocks of India, the three chief places 
where Triassic reptilian fossils occur are, (1) near Deoli in the 
Panchet rocks, Raniganj coalfield, (2) around Maleri in the Prau- 
hita-Godavery valley, Hyderabad State, and (3) at Tiki in south 
Rewa. 

The writer was deputed to collect reptilian fossils near Tiki hi 
1929-30 and 1936, and Maleri in 1935. As these localities were not 
easily accessible, few geologists have visited them in recent times. 

(1) Deoli. 

The presence of Triassic reptilian fossils has already been record- 
ed in the Panchet beds of the Raniganj coalfield. They occur 
chiefly 

‘ Just^ North, of the village of Deoli, near Bakhlia, and about quarter of a 
mile East of the mouth of the Besram stream, a considerable expanse of rocks is 
exposed in the bed of the Damuda, South of the channel occupied by the water 
in the dry season, and here a bone bed was found, containing detached, and, fre- 
quently, rolled bones, vertebrae, and fragments of jaws with teeth; they are not 
very abimdant, but a considerable number were procured. Some were also found 
in another spot in the Damuda, a little East of the village of Dikha and fragments 
of bone were occasionally met with in other localities.’ 

The fossils from these beds have beeu described by Thomas 
Huxley^ and W. T. Blanford®. The latest account of j.hese Panchet 
beds is to be found in Mr. E. R. Gee’s memoir on the Raniganj 
coalfield.^ 

(2) Maleri. 

Maleri (Marweli of the map, sheet 56 M/12 ; 19*^ 11 : 79° 36') 
is a village ten miles E. H. E. of Rechni Road railway station on 

1 Mem. Geol. Surv. Ind., Ill, Pt. 1, p. 129, (1861). 

a Quart. Joum. Geol. Soc., XYH, Pt. 1, p. 362. (1861). Pal. Ind., Ser. IV, VoL* I, 
Pt. I, (1865). 



Becords of ike Geological Survey of India. [ Vol. 71. 


tte Kazipet-Balliarsliali section of H. E. H. the Nizam’s Stato 
Railway in the Asafabad district of Hyderabad. 

Though the earliest geological work in this area began as long 
ago as 1833, definite geological and pala3ontological work of interest 
was first commenced by the Rev, S. Hislop^ in 1866. Later investi- 
gators were T. Oldham^, W. T. Blanford®, T. W. H. Hugluw*, 
R. Lydekker® and W. King®. 

The writer’s work was chiefly confined to the central part of 
the Maleri formation around Maleri itself, though he traversed 
some parts in the southern area as well. The present description 
refers mainly to the country in the neighbourhood of Maleri. 

The country near Maleri is slightly undulating, with a few 
shallow streams. The land is covered either with black cotton 
, soil or Maleri red clays. In some places 

chipped rocks (Palaeolithic flints) are found. 
As in the case of the Tiki formation, which will be described later, 
in the Maleri beds sandstones are subordinate to clays. A good 
and complete section of the rocks of the Maleri formation is not 
seen near Maleri itself, but after examination of some of the expo- 
sures south-west of Maleri and at the water gate of Rampur village 
(PI. 34, fig, 1), the writer thinks that the following generalised 
section will give an idea of the probable stratigraphy of the forma- 
tion near Maleri : — 


Black cotton soil 

Sandstone boulder bed 

White or light grey, felspathie, oocasionaDy calcareous, sand- 
stone. {In some places this sandstone is considerably de- 
composed and mixed with much kankar ) .... 

Nodular, oherty looking, calcareous rock (seen south-west of 
Maleri) 

Fine grained thinly laminated, grey calcareous sandstone, 
showing false bedding 

Coarse rubWy calcareous sandstone. (This bed has yielded 
reptilian fossils in certain places) 

Bed clay, — ^thickness not known. 


Jmm.Geol 8oc., XVII, p. 348, 1861, XX, p. 280, (1801). 

J^oura. JSom6£tyiSr. JJ. .a.,)®., Vol. VI, p. 202, ( 1861 ). » \ ^ 

* Jfm. Oeol. Surv. Ind., I, pp. 295-309, (1869). 

«er., iv.Vol. 1, I^t. 2, 

PJ^. (1o7o). ^ 

* JJee. Geol. Surv. Ind., IX, p. 86, (1876). 

*Prtl. Ind. Ser., IV, Vol, I, Pt. 5, (1886). 

Geol. Sun. Ind., XVIII, Pt. 3, pp. 118-123, (1881). 
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Owing to tlieir softness, tlie red clays do not show any bedding, 
but the rubbly sandstone bed immediately overlying them shows a 
dip of 10°-12° in a north-east or N. N. E. direction. 


Though the Maleri formation extends from Sandgaom (19° 36' : 
79° 42') to Semnapali (18° 42' : 79° 54'), a distance of about 60 
miles, reptilian fossils have been found only in the central part of 
this area, that is, between Maleri and Nannial (19° 4' : 79° 38'), 
and in the Angrezapalli (18° 48' : 79° 47') outlier. The reason 
for this appears to be that the beds containing fossils have been 
well exposed in these places owing to the gentle dip, which has allowed 
rapid weathering of the rocks, and has also prevented the fossils so 
exposed from being washed away by rains. Such is the country boun- 
ded by the villages, Teklapalli (19° 8' : 79° 35'), Nannial (19° 4' : 
79° 38'), Kanepalh (19° 9' : 79° 40'), Venkatapur (19° 11' : 79° 38'), 
Bhimni (19° 12' : 79° 38') and Achlapur (19° 10' : 79° 32'). 

Owing to the flatness of the country and constant cultiva- 
tion, fossils are sparsely distributed. One of the best methods 

Fossil collection adopted by previous workers Hke Hislop and 
Hughes for collecting fossils in this area which 
met with much success, was by “ beating ” (PI. 34, fig. 2). In 
making further collections, the same method was followed by the 
writer, whose provisional identifications of the fossil collections from 
Maleri are as follows : — 


(1) One mile north-east of Maleri in the stream exposures. 

Hyperodapedmt huxleyi, Lyd. — ^Maxilla, dentary bones and* 

scutes. 

Parasuchus sp. — Teeth, vertebras and imperfect limb bones. 
Belodon sp. — ^Limb bones. 

TJnio sp. — 

(2) Half a mile north of Maleri in the black soil. 

Hyperodapedon sp. — ^Vertebrae and bones. 

Labyrinthodont. — ^Dentary bones. 

Unio sp. — 

(3) One mile north-west of Maleri in the red clay. 
Hyperodapedon sp. — Maxillae. 

Unio sp. — 

(4) One mile south-west of Maleri. * 

Large limb bones, vertebrae, scutes, maxillary and dentary 

fragments, probably belonging to Belodon. All these specimens 
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were collected at oae spot, and they may belong to the sixiiie 
individual. 

(6) About five furlongs north of the last mentioned locality, 
were found two large 1 Dinosaurian vertebroo and two or thfcHs 
species of the fish Ceraiodus. In addition to those fossils, cof)ro- 
lites are abundant about half a mile W. S. W- of Maleri. 'fhey 
are generally greenish yellow in colour varying in size from that 
of a walnut to a cocoanut. In shape some are flat and cakc-lilco, 
some cylindrical, spiral, reniform or botryoidal. In cross S(^ction 
they present a central core surrounded by layers of iron-iuipregtiat- 
ed material. The nature of the material of these coprolites collect- 
ed has not yet been examined. 

(6) One mile E. S. E. of Achlapur, 

Hyperodapedon sp. — ^Bones, imperfect maxilloe. 

Unio sp. — 

(7) Half a mile north of Rechni village. 

Remains of Hyperodapedon sp. and Unio sp. ; the latter are 
much smaller in size than those found at Maleri. 


(3) Tiki. 

Tiki (81° 22' : 23° 56') sheet 64 E/5, is a small village about 
seven miles south of Beohari, and about fifty miles north-cast of 
the Umaria coalfield in south Rewa. The best route to this locality 
is vid Sutna and Rewa. 

Reptilian fossils were first noticed near Tiki by T. W. H. Hughes 
about the year 1879, during the course of his survey of the south 

Previous observers. basinh The collection 

made by him in this area has been described 
by Lydekker^. Dr. G. de P. Cotter,® who visited this place during 
the year 1916 to investigate the relationship of the Tiki beds with 
the Parsora formation, also collected some reptilian remains near 
Tiki. . • 

Like^ most Gondwana areas, the country around Tiki is slightly 
undulating. The softer red clays and sandstones have been much 
denuded. Wherever harder rocks like the 
ferruginous sandstones of the upper division 


Topography. 


» Aec. Oeol. Ssirv. Ini., XIV, Pt. 1, p. 136, (1881). 
*Pal. Xnd,, Ser. IV, VoL I, Pt. 5, (1886). 

•iJec. Qeol. Surv. Ini., XLVIII, Pt. 1, p. 27, (1917). 
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Lithology. 


protect the clays below, they give rise to flat-topped hills, like the 
Hartala and Beohari hills. 

As already mentioned the rocks can be divided into two distinct 
lithological divisions. The upper division is chiefly composed of 
hard ferruginous sandstones with rounded 
pebbles at the top. These beds overlie fine- 
grained grey hard sandstones with red laminations, and some purple 
shales. Some good varieties of such rocks are quarried near Beo- 
hari for building purposes. So far no fossils, either plant or animal, 
which would help in determining their age, have been found in 
these rocks. They may represent the upper division of the Tiki 
beds or may be yoimger than the latter. The lower division, 
known as the Tiki stage, in which reptilian fossils, fossil wood, 
and fresh-water shells like Vnio occur, is made up mostly of red 
and green clays with subordinate sandstones. These sandstones 
are often calcareous. Fine green laminations and green clay galls 
are very characteristic of these sandstones, and in some places the 
calcareous matter segregates on the surface of the sandstones near 
Tiki and forms a thick vernoioular encrustation on them. False 
bedding is very common, and calcified or carbonised fossil wood is 
sometimes foimd. The red clays, beiug softer and more easily 
denuded, form the lower ground. They are full of yellow hanhar. 
The red clays make their first appearance in the Son River section 
a mile up the stream from Giar. The following section, which is 
seen on the right bank of the Son at Giar (23° 30' : 81° 19'), may 
be taken as a type one for the Tiki beds : — 


Siliceous sandstones, grey and bro\m in colour with decom- 
posed felspars and clay galls 

Fine-grained grey sandstones with interrupted green lamina- 
tions, false-bedded, and containing partly carbonised and 
calcified fossil wood ...... 

Weathored calcareous rubbly grey sandstone 

Fine-grained sandstone 

Bright red clays, — thickness not known. 


Feet. 

15 

5 

2 

2 


This section has also been noticed by Hughes. 

Though the red clays are foimd to cover a considerable area, 
fossils have been found only in those south of Tiki. In this locality 
reptilian and molluscan fossils are found on the much denude^ 
clays. Most of the fossils are covered with calcareous matter and 
are much worn. Not a single fossil was seen in situ. It is not 
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definitely known from wMcli beds those fossils arc (hirived, hut- sonic 
fragments of fossils wore enclosed in a nihbly calcarf.ous miitri.v 
wMoh occurs above the rod clays. The writer, however, notitssl 
in the Godavery area that fossils were present in siie-h eah’-areous 
sandstones. The following fossils wore found in the colle.etion 
made near Tiki 

Huperodapedon huxkyi, Lyd.— Fragmentary palato-maxilhe, 

dentary bones, vertebne, etc. 

?Dinosauri(m. — Tooth. 

Belodon sp. — ^Fragmentary maxilla, vertebra and teeth. 

Parasuchus sp. — Limb bones, scutes an<l tooth. 

An interesting frontal part of the internal cast of a saurian 
skull was also collected. 

Unio sp. — ' 

(Fish teeth, which are fairly common in the Midori area, have 
not been found at Tiki.) 

EXPLANATION OF PLATE. 

Plate 34, Pro. 1. — Exposure of Malori bods at Ilampur niiar Malorj. 

Fia. 2. — Searohing for ittptilian fossUs at Malori, IJydorabnd Htaio, 




G. S. Ca/ctiffa. 
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|:>IES ON THE GEOGRAPHICAL DISTRIBUTION 
OF FRESHWATER FISHES IN CHOSEN 

By Ta^iezo Mort 

Profes.w>- of Zoology, the Preparatory nei>artment 
nf Ketjo Imperuill TJtuversity, Chosen, Japatt. 

I Physical Featuies and Climate 

physical features and climate of Chosen ^vhieh luive direct 
With the distribution of freshwater fishes in Cdiosen. iiav^ 
^ated^f an my paper -On the. Geo-raphieal Distribution 
an tealmonoid Pishes. Bull. Biogeojyr. Soe. Japan, VI. Xo. 

The reader is referred to that paper 

iig* tiie above subject. 

Historical Sketch concerning the Investigations 
of Freshwater Fishes in Chosen 

inTe.stig-ation.s concerning freshwater fishes in Chosen have 
uewhat belated compared with those of Japan Proper, 
nmia, etc. Thus, in Guntmer’s “Catalogue of Pishes of 
siiMusemn”. London (publLshed 1859-1870, in 8 Vols.), 
the latter countries are mentioned, but no mention is made 
in Cbosen. 

begimu,^ of the inve.stig.-.tion eo.K-e.-niuK Wishes :n Chosen was made 

Melanges Biol., tires du Bulletin Aead/’SeC 
•, J-L. PP-,230-2;iS”, and then in the same year T)y p, STEumiCHniE 
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ill liis ^‘Ueber eiiiige nene it seltene Fischarteu aus cl. iebtliyol. Sairf 
Hofiiuiscum Wien. Dciikachr. Akiid. Wiss. Wien, Matli.-Nat. LIX, 

384 ”. 

In the former’s paper, a fish found at Puiigtiing, the central x>art 
was announced as a new genus and species as follows: — 

(1) Fungtmigia liersi Herzenstein 

In the latter’s paper 12 species found in the neighbourhood of 
mentioned, among which he describes Adieilognathus corecDius as a neW si 

(2) Acheilognatlius coreanus Steindaciiner 

(3) Opsariiehthgs 'bidens Gunther 

(4) Barbus ^cJilegeli Hemiharbus labco Pallas 

(5) Silurus asotus Ij, — Barasiliirus asot'us (L.) 

(6) Cyprinus carpio L. 

(7) Culier iliscliaeformis Bleeker = G. erythropicrus Basilewsky 

(8) Squaliobarbus curriculus Richardson 

(9) OpMcephalus argus Cantor 

(10) Macrones longirosiris Qv'^TTi,~Leio cassis 

■ (11) M. fulvidraco 'Rich. ^ Pelteobagrus f ulvidraco UiCB 

(12) Anguilla vulgaris C. & V. = A. japooiica (T. & S.) 

(13) Macropodus viridia-uratus Lacep. = 1/. cMncnsis (Bloch) 

2. In 1896 S, M. Herzenstein described, in his *‘Ueber einige neue u. solf 
Fisehe d. Zool. Mus. d. K. Akad. d. Wiss: Ann. Mus. Zool. Peters!)., I, x^P* 

a specimen which was collected in the a])ove mentioned Pungtung, as a 
genus and species as follows: — 

(14) Oor coper ca her si Herzenstein ^ 

3. In 1905 L. S. Berg, in his *‘On the Distribution of Coitus poeeilopy 
8i])eria (text in Russian):” Trav. Sect. Troifskosawk-Kiaktlni Soc, Buss, 
Geogr., VII, Livr. I, pp. 78-92, reported that the following si)ecies was d. 
tributed in Pimgtmig: — 

(15) Coitus poecilopus Heokel 

4. In 1905 D. B. Jordan & E. C. Starks, in their “On a Collection of Fish( 
made in Korea, by P. L, J^^ with Descriptions of New Species:” Proc, VM 
Nat. Mus., XXVIII, pp. 193-212, mentioned 71 species of fishes, 29 of wide 
being freshwater fishes. 

jii ,1- ' - 

Among the latter they proposed three new geneva, Longurio, Fusania, ai] 
Coreius. But Eongurio is synonymous with Saurogobio, and Fusania, wij 
Aphyocypris. They also listed a name of Anahas oligolepiSj but I think the 
have mistaken Macropodus chinensis for it. According to the paper, addition 
species to freshwater fishes in Chosen ai-o as follows: — 

(16) Flecoglossus altivelis T. & S, 

(17) Carassius auratus (L.) 

(18) OchetobiMs lucens Jordan So Starks 

(19) Lorogurio a%hymius Jordan & Stark's == Saurogobio dabryi BvmKM 

(20) Coreius eetopsis (Kner) 

(21) Zaceo temmmeki (T. & S.) 

^ (22) Fusania ensarca Jordan So Starke = Aphyocypris chinensis GtiNTm 
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(22) Lciiciseiis haJconensis Guxthee 

(24.) Z. faez‘anowsLii Steixh, =Z. hrandfi (Dyboatski) 

(2.j) Z. semotilus Jordax &' STAiLKB = F7ioxi7ius semotilus (Joehax So 

Starks) 

(26) Farapeleeus jouyi Jordax & Starks 

(27) Ciilter reciirviceps (Rich.) 

(2S) Misgurnus anguiUicaudatiis (Caxtoe) 

(29) Colitis taenia L. 

(30) Flxis coreanns Jordax & Stares =Z e/?/a costata (EIessdee) 

(31) AploclieiUclitliys laiipes (T. S.) -Aploclieihis lailpes (T. & S.) 

(32) ^Fygosteiis sinensis (GmcBi'EKOT) —Fungitms sinensis (CtITICH.) 

(33) EyporJiamplius sajori (T. So S.) 

(34) Mugil cc plains L. 

(35) Tracliyilennus ansatus (Eich.)-Z. fasciatus Heckel 

(36) Clmenogolius macro giiaiJius (Bleeker) 

(37) Acantliogolhis flat menus (T. & S.) 

(38) A, hasta (T. & S.) 

,(39) Trklentiger olscurus (T. & S.) 

(40) T. lifasciatus (Steixd.) 

5- -In 1906 L. S. Bero, in Ms ‘‘Description of a new si>eeies of Leucogolio 
from Korea:” Ann. Mag. Kat. Hist. (7), XYIII, pp. 394-396, described the 
following siDecies as new: — 

(41) Leucogolio corea^ius Behg 

6- In 1907 L. S. Berg, in his “Description of a new Cyprinoid Pish, Achei- 
lognaflnis signifer, from Korea, with a Synopsis of all the known EliodemaC 
Ann. Mag. Kat. Hist. (7), XIX, pp. 159-193, made public a new species: — 

(42) Acheilognatlius signifer Berg 

But this should be a subspecies to A, JaneeoJata (T. & S.) 

7. In 1907 again L. S. Berg, in his ‘'Revision des Poissons d’eaii douce de 
la Corre:'’ Ann. Mus. Zook Acad. Bci. St. Petersb., XIT, pp. 1-12, i:>ublished ' 
44 species of freshwater fishes in a body. This is the beginning of a paper 
in a collected form concerning the freshwater fish®Ain Chosen. According to 
this paper, additional species are as follows: — 

(43) Ladislavia taczanowsJni Dybo'WSKi 

(44) Barlus myJodon By.'RG^BeJligolio mylodon (Berg) 

(45) FJioxinus lagowsMi Dyb. 

(46) Eemaclieilus larlatulus toni =BarlatuIa toni (Dyb.) 

(47) Smiperca cliuatsi Basi. = ^. scJierzeri Steixd. 

8- In 1908 T. Regax, in his “A Collection of Freshwater Pishes from Co/ea:*’ 
P. Z, S- London, pp, 59-63, published 11 .species of freshwater fishes in Chosen, 
out of which 7 new species are described. Among the latter, however, Silurus 
ledfordi is a synonym of Farasiliirus asotus, and Ctetiogolius ledfordi, of 
L^inogolius similis. According to the above paper, additional species are 
ap follows: — 

(48) Fseudoraslora parva T. & S. 

(49) Barilius platypus (T. & S.) platypus (T. & S.) 
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(50) Letwagi^hio strigatm Began 

(51) AcmttJiogoMo lQngirostrisM^X'^^^JSemiharhm longirostris (Began) 

(52) AcantlwrJiodem gracilis Began 

(53) Lwhagrm under soni Began 

(54) Odoiitnhutis potamopidlus Ounth. =: potamopMla (Gxjnth.) 

(55) Trideuiiger ear can us Began 

(56) Ctenogohius hedfordi UmAi^ - EhinogoMus similis (Gill) 

S- III 1000 L. 8. Berg, in Iiis ‘"lehthjologiu Amiirensis:” Mem. TAcad. Imp, 
Sei St. Petersburg, (8), XXIY, No. 0, pp. 26-27, reported that the following 
species were distributed in Chosen: — 

(57) OncarkgncJius gorhusclia (Walbaum) 

(58) O. l*eia (Wahbaxjm) 

10. In 1011 S. Tanaka, iu his “On some freshwater Pishes ;from Chosen*' 
(text in Japanese): ZooL Mag. Tokyo, XXIII, pp. 107-108, treated 6 species, 
wMeh included no unrecorded species. 

11- In 1013 D, S. Jordan and C. W. Metz, in their “A catalogue of the 
fishes known from the waters of Korea:” Mem. Carneg. Mus., VI, No. 2, pp. 1— 
65, published a catalogue of 254 species of fishes produced in Chosen, among 
which 75 are freshwater fishes. Among the latter, there are three species pro- 
posed by them as new, FsmuMspius modestm, PI l)erg% and Ehodeus cJionsenicus. 
But the former two are sure to be synonymous with Fhoxinus oxgceplialm, and 
the latter is mistaken for Aphgocypris cMnensis appearently. Additional species 
given in this paper are as follows : — 

(50) Coilia nasus T. S. 

(60) C. ectenes Jordan & Seale 

(61) Oncarhpnehus masou (Beet.) 

(62) Osmerns dent ex Steindachnee 

(63) BpirineJms veremndm Jordan & Metz 

(64) hgaloermnms Abbovt ^ FrotosAlanx 1igalocranius( Abbott) ^ 

( 65 ) Fseudogohio esoamns T. & 8. , 

(66) F, rivularis (Basi,) — Ahhottina rwularis (Bast.) 

(67) AmntJmrJiodem mnmssi Byb. 

(68) GtJTNHER 

(69) Fseud&penlampm homlae Jordan k Metz 

(70) Farapeleem eigenmarmi Jordan k Metz 

(71) Fseudaspius hergi Jordan & Metz ) ^ 

P. vwdestus Jordan & Metz P oxycephalus Bleeker 

(72) Monoptcrus alhus (ZuiEw) =PhctG alha (ZuiEw) 

(73) Lim Jiacjiiatoehila (T. k S.) 

(74) Lateolahrax japanicKS (C. & T.) 

(75) Flat gee phalus indtcms (Gmelin) 

(76) Odcmtol^utis ohseuriis (T. & S.) 

(77) CtenogoMm hadropterus (Jordan k Si^ydur) =EhinogoMus giurinus 

(Butter) 

12 . In 1914 L. S. Berg, in his *‘'Les poissons du fieuve Toun:ienoula(Oor4e),. 
eoliecticm^ par A. L. Czerski” (text in’ Eussian) : Ami. Mxts. Zool. Acal. Imp. 
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Sci. St. Peters])., XIX, pp, 3r)4-.")61, descril^etl 4:-^ speries of fisbes at the 
estuary of the Toman Eiver, 23 of which being freshwater fishes. Among the 
latter, those that should be newly added are as follows: — 

(78) Lampetm fiaviatUu Japoniea (AIartens) 

(79) Mrsopufi oHdus {IP all.) ~ Hypo mesm olid m (Pall.) 

(80) Salangielithys miero(lo7i Bleeker 

(81) Leueiseus walecl'ii (Byb.) 

(82) Phoxinus percnarun mcuitsrhui icufi Bero 

(83) G<^hio gohio L. 

(84) BJiodeus serieeus (Pall.) 

(83) Gasterosteiis aeuleatus L. 

(86) Mpoxoeeplialus jaol: (C. k T.) 

(87) Coitus ezersJcii Berg 

(88) Percottus glelmi Byb, 

13. In 1917 I. Ginsburg, in Ms “On two species of fishes from the Yaln 
Eiver, China:’' Prat*. U. 8. Xat. Mns„ LIT, pp. 99-101, described two 
species, among which Phinogohim sowerhy is given as a new species, but tMs is 
synonymous with P. similis. 

14. In 1918 T. Kawakura, in Ms “A slceteh of the distribution of fresh- 
water animals, incdnding freshwater fishes, in Eastern Asia:” Nippon Taiisui 
Beibutsugakn or Freshwater Biology of Japan. Part II, pp. 473-483, gives a 
general aecoimt of freshwater fishes in Eastern Asia, in wMch, according to 
Mm, Chosen in the North-Eastern Part belongs to the Holaretie Eegion and the 
rest of Chosen is a zone' where Holaretie and Oriental types are mixed. 

15. In 1921 A. C. Sowerby, in his “On a new Siluroid Fish from the Yaln 
Biver, S. Manchuria:” Proc. U. B. Nat. Mus., YoL LX, pp. 1-2, published a 
new species as follows: — 

(89) Pseudohagrus emargiimtus Bowerby 

16- In 1923 T. Mori, in his “A cheek list of Korean Yertebrates (A Cata- 
logue of the Exhibition of Korean Natural History Bpeelmens, issued by the 
"Chosen Natural History Society)”, published a list of 102 species of freshwater 
fishes, of which new additions are as follows: 

(90) Lampetra mitsuMri (Hatta)-^. remneri (Martens) 

(91) Acipenser ? mantsehurietm Basi.==^. Gray 

(92) Pseudo'bagrm vacheli (Bich,.) 

(93) Piol)agru$ f reini Hilo. — L. mcdi^diposulis Mori 

(94) HemituUer leneiseuMs (Basl) 

(§5) Misgurnus decenicirrosus (BASi-)=Jf- Gunther 

(96) Anguilla mauritima Bennief 

(97) Parasalanx ariakensis Kishinouye 

(98) :^eosalanx ittwi Wakiya & TAKAHASHi=3r. andciwai Bendahl 

(99) Ooreoperca kawametari (T. & S.) 

(100) FeriopMJiaJmus cantonensis (Osbeck) 

(101) Spheroides ocellaius (Osbeck) 

17. In 1925 B. 8. Jordan & C. L. Hubbs, in their “Kecord of fishes obtained 

by Dr. S. Jomxs in Japan, 1922:*’ Mom. Caraeg. Mns., X. Xo. 2, pp. 9S-S46, 
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puMIsked four new species found in Heijo, i.e., Gnathopogon majimae^ G. longi- 

G. tsucMgaej and Sareocheilichthgs Morik But of tlie four, G. longifllis 
being a synonym to G, mujinme and G. tsuchigae a synonym to Leucogp'bio" 
coreaniis, what should be newly added are the following tw^o: — 

(102) Gnathopogon majimae Jordan Ec Leucogodio majunae 

(Jordan & Hubbs) 

(103) Sareoclieiliehthys marii Jordan & Hubbs 

18. In 1923 S. Tanaka, in his ''Figures and descriptions of the fishes of 
Japan: XXXIV, pp. 636— 461”, published a new species found in Chosen, which 
is as follows : — 

(104) Simperea aequiformis Tanaka 

19. In 1925 T. Mori, in his “Freshwater Fishes and Ehopalocera in the high- 
land of South Kankyodo, Korea, (text in Japanese) Joiirn. Chosen Nat Hist 

Xo. 3, pp. 54—57, listed 15 species of freshwater fishes living in the 
upper reaches of the Yalu, dwelling upon the resemblance between them and 
the fish-fauna of the upper reaches of the Amur. This report makes the follow- 
ing new additions to Chosen : — 

(105) Brachymystcujc lenoh (Pall.) 

(106) Lota lota L. 

In 1927 C. D. Beeves, in his “On the Catalogue of Fishes in Kortliern 
China and Korea:” Journ. Pan Pact Kesear. Inst., XI, No. 3, pp. 1-16, made 
mention of 41 Species of freshwater fishes in Chosen, but all are already kuown 
species. 

21. In 1927 T. Mori, in his “On the fishes from Seiko (West Lake), near 
Suigen, Chosen” (text in Japanese) : Joum. Chosen Nat Hist. Soc., No, 5, pp. 
54-56, made mention of 26 species, all of which however, are already known 
species. 

22. In 1927 T. Mom, in his “On the freshwater fishes from the Yalu Eiver, 
with descriptions of new species:” Joum. Chosen Nat. Hist. Soe., No. 6, pp. 
S-24, described 49 species of fishes living in the Yalu Eiver. Of the above 
species, five new to science and which should be newly added are as follows:— 

(187) Mnoho ishikamae Mori 

(188) Thymallus arciicus joZuenms Mori 

(109) BseudogoUo ycduemis Mom^Miorophysogolio yaluensis (Mori) 

( 110 ) SareocTieilichthys soldatovi (Beewj) 

(111) AcJieilognathus yamatsutae Mori 

23. In 192/ T. Mom, in his “Notes on the genus SarcocheilicJithys, with the 

descriptions of four new species:” Annot ZooL Japon., XI, No. 2, pp. 97-106, 
mentioned 11 species belonging to the genus SarcocMiUcMhys, Among them 
there are three new species in Chosen, one of which, i.e. S. horee^isis, is 
synonymous to S. marii. So the following two are newly added: 

(112) BarcocJieUiehythys hohayasMi Mom 

(113) B, wakiyae Mom 

24. In 1928 T. Mom, in his “A Catalogue of Fishes of Korea:” Journ Pan 

Paei. Eesear. Inst., lU, Ko. 3, pp. 3-8, listed 386 species, 118 of which being 
freshwater fishes. Additional species are as follows: 
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(114) Aeipenser milcadoi Hilgendohp 

(115) Leiocassis ussuriemis (Dyb.) 

~ (116) Barhatida intermedia (IvEgSLER) 

(117) Culfer hrevieauda Gunther 

(118) Fiinrfltins hrevispinosus (Otaki) 

25. In 1929 Y. Wakiya and T. Mori, in tbelr “On two new' Loaelies of tlie 
genus Colitis from Corea:’* Joiirn. Chosen Xat. Hist, Soe., No. 9, pp. 31-33, 
published the following two new species: — 

(119) Colitis miiltifasciafa Wakiya k Mori 

(120) €. rotundicaiida 'Wakiya & Mori 

26. In 1930 T. Mori, in his “On the freshwater fishes from the Tumen 
Eiuer, Korea, with the descriptions of new species:" Journ. Ciutsen Xat. Hist. 
Soe., Xo. 11, pp. 39-49, described 39 species, out of which he proposed 4 new 
species. According to this report, additional species are as follow's: — 

(121) Brachymystax tumensis Mori 

(122) Mallotus elon gains Mori 

(123) Blwxi n us pJioxm ns ( L. ) 

(124) Moroco ozyrhynchus Mori — PJiozmus axyrhynehm (Mom ) 

(125) Coitus liangiongensis Mori 

(126) Mugil oeur Forskal 

27- In 1931 L. S. Berg, in his ‘'A review of the Lampreys of the Xcuthern 
Hemisphere:” Ann. Mus. Zool. Acad. Fiei. L’U. K. B., XXXII, pp. 87-llG, 
published a new species occuring in the Yalu Biver, us follows: — 

(127) Lampetra moriiBBm 

28. In 1934 T. Mori and K. Uchida, in their “A revised Catalogue of Fishes 
of Korea, Journ. Chosen Xat. Hist, Soe., Xo. 19, pp. 12-33", made mention of 
523 species. On these number, 136 are freshwater dshes. According to this 
catalogue, additional species are as follows: — 

(128) Salnerinus Jeucomaenis CPaiAj.) —S. malma (Walb.) 

(129) Brachyinystaz coregonoides Pallas 

(130) Hypomesus japonicus (Brev.) 

(131) Sarcocheiliahthys lacusiris (Dyb.) 

(132) Fungtungia Jtilgendorfi (Ishikawa) 

(133) Acantliorhodeus rJiomheum (T. k B.) = Faracheilognaihus pseudo- 

rhomlea Mori 

(134) Goliolotia macro cepJialus Mori 

(135) Micropliysogohio Jcoreensis MoRi 

(136) Fungitiumymensis (Nikolsky) 

20, In 1934 L. B. Berg, in his “Zoogeographieal divisions for freshwater 
fishes of the Pacific slope of X. Asia:” Proc. Fifth Paei. Sei. Congr., V, pp. 
3791-3793, suggests that Chosen should belong to the Amur Transitional 
Begion and is divided into two parts; (a) the ©astern part, Fusan on the 
southern end, with rivers flowing into the Japan Bea, which belongs to the 
Maritime District, (b) the rest of Chosen, that is. Chosen minus the above 
mentioned, part, which belongs to the West Korea-South Manchuria Province. 

30- In 1935 T. Mosr, in Ms ^^Xotes o Korean (tett m Japanese)- 
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Zool Mag*, Japan, XLVII, pp. 5o9— "74, described species belonging to 
Mhodeina of Chosen, of which three were new to science, and two unrecorded. 
Among the new species, FaraeheilognatiiUii pseiidorJiom'bea having been men- 
tioned in the preceding catalogue ($27) under the name AcantJiorhodeus 
rhomheum^ I will omit mentioning it heie; the remaining four are as follows: — 

(137) PMitdoperilampus ui/eku 'MoRi — Ilhodeus uyelcii (Mori) 

(IBS) T. migemifi Ehodeus suigensis (Mori) 

(139) P, notatm (Xichdls) ao fat N ichols 

(140) Faracheilognathiis tabira (Jordan & Thompson) 

3L In 193") T, Mori, in his “On the Geographical Distribution of Korean 
Balmcmoid Fishes:” Bull Biogeogr. 8oc. Japan, YI, No. 1, pp. 1-9, wrote on 
the distribution of 21 species belonging to Korean Balmonoid fshes. He should 
make the following corrections of their specific names, in accordance with Berg’s 
recent book “Les poissoiis des eaux donees de la E. B. S. R. (1933). 

Halverinus furiopsis Steindachner into S, malma curilus (Pallas), 

Oneorhynehns maeroatomus Gunther into 0. mason maerostoma Gunther. 

32, In 193J T, Mori, in his “Descriptions of two new Genera and seven new 
Species of Cyprinidae from Chosen:” Annot ZooL Japon., XY., pp. 161-17J, 
established two new genera and seven new species. Of these species, GobioboUa 
maeroeephalus and Microphysogohio koreensis having been mentioned in the 
preceding catalogue ($ 29), the following five are newly added: — 

(141) Fseudopungtungia nigrerMom 

(142) Coreolvueiseus splendidns Mori 

(143) Gobiohotia hrevibarba Mori 

(144) G. naktongensis Mori 

(145) Microphysogohio longidorsalis Mori 

S3. I have now at hand, though not yet published, the following three new 
species, and two unrecorded species: — 

(146) Aeanihorhodeus ommaturus (Rich.) 

(147) Coitus shiragiensis Mori 

(148) Lewcassis brashnikovi Berg 

(148) Farmilurus ^niorodorsalis Mori 

(150) Fseudobagrns brevieor pus Mori 

Summarizing the papers and reports by the above students and 
arranging these in due order and form, we get a total of 150 species 
of freshwater fishes. 

Ill Zoogeographical Distribution 

As above stated, there are 150 species of freshwater fishes in 
Chosen. Through my investigations extending over nearly fifteen 
years, I have been able to make out a table showing how these 
species are distributed in various rivers in Chosen. The table is 
as follows: — i 



Xo. 7 


DISTRIBUTION OF FRESmVATER FISHES IX CHOSEX — ^lORl 


43 


Table I 

List of the distribution of freshwater fishes in Chosen 



Speeifie names 


X 







Family Petromyzontidae 

Lampetra japoiiica (Martens) 
L. reissne'ri Dybowski 
L, morii Berg 

Family Acipenseridae 
Acipenser mijcadoi Hilgondorp 
A, sinensis Gray 


4 - + 4 --f- 4 --r — > — 

4 - 4 - 4 - 4 - 4 - 4 - — - — 


-I- 4 - 4 - 4 - — 4 - — — 



Family EngrauUdae 

Coilia nasus (T. & S.) 

C. ecteyies Jordan & Seale 
Family Salmonidae 
Oncorhynehus mason (Brevoort) 
0. mason macrostoma Gunther 
O, Iceta (Walbaum) 

0. gorhuscha (Walb.) 

^Sneho ishikawae Mori 
Salverinus malma (Walb.) 
aS. malma cur tins (Pallas) 
Family Coregonidae 
Braehymystax Jenolc Pallas 
B. eoregonoidesPALun^ 

°B. tumensis Mori 

Family Thymallidae 
"" TTiymallns jaluensis Mori 
Family Flecoglossidae 
Plecoglossus altwelis T, & S. 

Family Osmeridae 
Osmerm dent ex Steindachner 
^'Spirinchus vcreeundus 
Sypomesm oUdus (Pallas) 
jBT. japonimis (Brev.) 



4 - 4 - + + + -!~; j 

4 - + + - 4 * 4 -H- — — — I — — 

__ 

4 - + I 


4 . _ 

4-4- 4-4-4- — '-{ — j — — — - 


1 + 4. + + __ 

4 + 44 , — — — 


'4- ■ 


4 4 4 4 4 + ; 

+ + + — [ 

4 4 — ^ 4 4 4 li 

ij 

— — 4 4 


4- 4 4 4 


,1 


i 

I' 4 - 4 
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elongatus Mori 

4- ^ 

|| 

: 

„ 

Pfmiily Salangidm 
Salangicliiliys microdon Bleekee 

+ -f ”4- + + -h 

I 

ii. 

' + 

j 4 4 

Salanx arial'e^isis Kishinouye 


|i 4- 4- 4- 4- 4- 

' + 4- + 

i — — 

Frotosalanx Ji yalocrani us Abbott 


1 4- 4- 4- 4- 4- 

; 

i 

Xeosalanx andersom Eenbahl 


! 4- + 4- 4- 4- 

j + 

1 — _ 

SVirajJy Siluridae 

: 




ParasUuriis asoius L. 

1 

j + + 4- 4- + 

! + + + 

' 

mierodorsalis Mori 

i + 

:+ + - + - 

* - - + 

+ + 

Family Bagridae 

Pelteohagrus fnlvidraco (Rich.) 

1 

1 4- 4- -f* 4- "f 

' + + + 


Pseudohagrus raeheli (Rich.) 

1 

1 

+ - -f- 4- - 

, — _j. 

t — 

emargi nai us Soiveeb y 


+ — + + — 

i — 

— 

°P. hr ni cor pus Mori 

— 


i 4 . 



Leioeassis dumerili Bleeker 


- + 4-4-4- 

1 — ^ 

1 _ 

L. ussuriensis (Dyb.) 


+ + + + ~ 

' 

j 

L. hrasJinikowi Berg 


-j- -l_ -J- 

i 

•— — 

^Llohagrus mulersoni Regan 


+ + -j- — 

j 

i 4 4 

“X. mediadiposalis Mori 



: + + + 


Family Cyprinidae 




I 

Subfamily Cyprininae 





Cyprimis carpio L. 

+ 

+ + + + + 

4 - 44 . 

1 + 4 

Carassius auratus (L.) 

+ + + + 4- 4* 

+ + + + + 

. + + + 


X. auratus gihelio (Bloch) 

4“ 4“ 

— 

Subfamily Gohioninae 





Semibarhuslabeo (Pallus) 


+ + + + + 

1 + + + 


E. longirosiris (Regan) 


!+ + + + + 

' — + + 


^BeUigohio mylodon (Berg) 

— _ 

' ^_i 


-X. _ 

Bscudogohio esodnus (T. & S.) 


+ + + + + i 

+ + + 

4 

Ahhottina rivtdarts (Basilewsky) 


“ ' 4- -f- j 



Leueogohio strigatus Regan 


-H + + + + ! 

{ 


®X. coreanus Berg 


+ + + + + i 

j- 4 

' - I 

®X. majimae (J orb. & Hubbs) 


+ -” + — —! 



Fsendorashoraparm T. & S. 
Ladistavia iaezanowsTcii Dyb. 

Bar cocheilichthys marii 

4- 4- 

+ + + + + ! 

4 4 4 1 

— 

J ORB. & Hubbs 

I'ohayasMi Mori 


~ — + + + 1 

— 4 — 

..,1 

— 

wdMyae Mori 




-f- 

~ JL 


B. m>ldato*m (Berg) 

— 

+ + — — — 

"T — 


B. Icumstris (Byb.) 

Gohm gohio B* 

+ 4-4-4-4-4- 

+ 

— 

— 

0. got to maerocepMlus Mori 

+ 4 




Cor eius cetopsis (Knee. ) 


+ + + + + 



^Pmgtmgia herm Heezenstein 

— 

-44 
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P. MIgendorfl (Ishikawa) 
°Fseiidopiingtungia nigra Mori 

Subfamily Leuciscinae 
Aphgoegpr^is chhyenms Gunther 


Leu CISC us wa le el: i i ( Dyb. ) 

'44 

P. 

waleckii tumensis Mori 

i 4 

1 

P. 

hrandti (Dyb.) 


P. 

lial'onensis (Gunther) 

” 4 ” 4 


+ - - 


""FJioxintts semotiIus(jojtT>. & Staeks) | 
FJi. Jagowskii (Dyb.) ' 

Fh. oxyceglialus (Blecker) ' 

®P7l oxyfhynelius (Mori) 

FK yercnuTus sadiaTmensisi'E'm.Q') 
FK phoxinm L. 

^ Coreoleucis&iis splendidm Mori 
OpsariiicJitJiys hidens Gunther 
Zacco platypus (T. &: S.) 

Z, fewmmcH (T. & S.) 
Squalio'barhus curricuJus (Rich.) 

® Ochetotius lucens (Joed. & Staeks) 

>SiibfamiIy Abramidinae 
^FarapeJeeus jouyi (Joed- & Staeks) 
P. eigenmanni (Jord. & Metz) 
Culter eryt’hropter'us Basi. 

€. recur vieeps (Rich.) 

C. hrevieauda Gunther 
MemiguTter leuciscuJus (Bast.) 

Subfamily Achilognathinae 
Adheilognathus JanaeoJata signifer 

Berg 

A. lanceoJata intermedia (T. & S.) 

yamatsutae Mori 
A canthorhodeus asmussi I)tb. 

A, asmussi bergt Mori 
""A. graaUisFmAi^ 

Far oAheUogmthns coreanus 

(Stbind.) 

®P. pseudarhomhea Mori 
P. tabira (Jord. & Thompson) 
Bhodeus ocellatus (Knee) 

Bh. serioeus (Palu.) 

BJwdeus notatus Nichols 
""BK uyehii (Mori) I 

sumgen^ (Mori) ^ ' 


+ -r 

4 - 
+ + 
+ - 


+ + 4- + 


4- 

4- 


-j- _u 


4- 4" 4" 4- 


4- 4- -f 4* 4- 


— — — 4* 4" 

4- 4* 4- 4- 4- 

-4 4-4 — 4 4" 
4" 4- 4" 4- 4- 

4* 4- - 


' - 4- - 

■ — -f 
■-4 4-4- 

4" 4- ~ 
"f* ^ 


4- - 4- 4- 4- !i 

+ -■^ + -11 

— 4- 4- 4" -4 j| 

4 


4 4 

4 4 

4 — 

4 4 


— 4 4 
”44 






4 -r 4 I ” - 

4 4 4 I: "f" 4 

4 4 4 |, 4 




4 4 4 
”44 


4 4- 

7- - 4 

— 44 


”44 
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“P.vY udaperilahipus Iiondae 

JoRi>. & Met: 

z 

+ _ 

— 

; 1 

1 j 

Suljfaiiiily Gobiobotinae 

Sanmgohio dabrifi Bleeker 


4 4 - 

— 

1 

“ Gi)hiohotia mafroeepliahts Mori 

— 

+ “ 

— 

1 

hreviharhayLom 


+ - 

— 

— 

°G. iiakt<mgetisis'y>lOKi 


— 

~ “ 4- 

— 

^ Micropliysogohio I'oreensis Mori 

. 

— — — 

4 -!- 4 

— 

longidorsalis Mori 

— 

+ + 

— 

gahiensis (Mori) 


4 

— 

1 

Subfamily Cohitinae 

Cohit is taenia L. 

++++++ 

4 4 4 4 4 

4 -1- 4 

4 4 

® r. m iiltifaseiata Waki ya Ec Mori 


— 

4 

— 

* r. rotund tea uda Waki ya & Mori 


4 4 

u 

— 

M isg u rn us an guill i ca udat us( Cant. ) 

+ 

4 4 4 4 4 

4 -1- H- 

— 

7ni:^olepis Gunther 


— — 4 4" 

+ - + 

— 

Lrfua cost at a Kessler 

^ _j. ^ 

4 4 — 

4 

4 4 

Barhatiila toni (Dyb.) 

+ + '}" + •+• + 

4 4 4 4 


4 4 

B, hit er media (Kessler) 

+ 


— 

— 

Family Flutidae 

Fluta alha (ZuiEw) 


4 4 4 4 4 

4 4 4 


Family Anguillidae 

Anguilla Japan ica (T. & S.) 


-f 4 . 4 . 4 , -f- 

4 4 4 1 

4 4 

-4. mauriiiana Bennet 



Sai- ! 

Shu j 

— _ 

Family Cgprinodontidae 





AplaGheilus latipes (T. & S.) 


“4 4 4 4 

4 4 4 1 

4 - 

Family Gasierosteidae 





Gasterosteus aetileatus (L.) 

+ + -}- + 4* -f- 


[_ 

4 4 

Fun gitim sinensis (Guiche.) 

4 — f- 4- 4- 4- 4" 


— 



P. hrevispinosMs (Otaki) 

4-4- 


— 

. «« 

P. tymensis (Nikolsky) 

4 4- 


— { 

^ 

Family Osphromenidae 

Macropodtts ehinensis (Bloch) 


4 4 4 4 4 

4 4 4 


Family OpMcephalidae 

Opidcephalus argus (Cantor) 


4 4 4 4 4 

4 4 4 

~ 4 

Family Mugilidae 




Mugil eepJiahts L. 

^ 

— 4 . -I_ 4 , 

4 — "h j 


Qeur Forskal 

— 


4 }- 

_ 

Mm bmmatoeMla (T. & S.) " 

4. 

“4 44 4 

4_ 

4 “* 

Family 0iigaridae 

Lateoidbre^ japonieus (C. & W) 

+ - - - - 4- 

4 4 4 4 4 

444 

4 

Family EpmepheUdae 





Coreoperca hersi Herzenstein 


4 4 4 4 4 

444 

H 

C. hawa mehari (T, Eg S.) j 

— 



— > 4* 4” 
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°Siniperea aeqidforfnis Taxaka 

S. sclu ryert Steixb. 

Family Tetraodontidae 

SpJieroifles oceUatus (Osbeck) 
Family Cottidae 
Coitus poecilopus Heckel 
C. ecersl'ii Berg 
°C\ hangionffensis 'Mom 
° C, sJi i rag tens is Mori 
Myoxocephalns jaoJ: (C. & T. ) 
Traeltydernius fasciatus Heckel 
Family Plat gee phalidae 
PlatycepJialus indieus (L.) 

Family Eleotridae 
OdoiitoT) litis ohseurus (T. & S.) 
Eleotris potamopMIa (Gtjxther) 
Percoitus glehni (Byb.) 

Family Gobiidae 
Cliaen ogohius maerognathus 

(Bleek.) 

BJiiHogohitis similis (Gill) 

Ph. giurinus (Butter) 
Trkleniiger ohscurus (T. & S.) 

T, bifaseiafus (Steixd.) 

°T, coreanns 

Acaniliogo'bivs flaviman us (T. & S.) 
A, om mat urns (Bich.) 

A, hasta (T. & S.) 

Family Gadidae 
Lota lota (L.) 

Family Periophthalmidae 
Per iophihalmus ca n ton e nsis 

(OSBECK ' 

Family Hemirhamphidae 

Pyporhamplnis sajori (T. & S.) 




4 .J- 

+ -r 





- 1 - 4.4 

4444 — — — — — _ — — ^ 


444444 — ^ ^ — 4 

4 — 4_4 44—44 — 44 

444444 _44 

444444 4_4 




— — 444 4 4 







4 4 


+ • * . . Upper readies. ® . Endemic species. 

Tlie above list, if statistically explained, will amount to 29 
families, 85 genera, and 150 species, among which true freshwater 
fishes count 104 species, anadromous, eatadroraons, and brackish- 
water fishes 46, and endemic species 43. 

Judging from table II,. the freshwater fishes in Chosen 
comprise 72 species of Cyprinidm, nearly half of its freshwater 
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Table II 

List of the families of freshwater fishes in Chosen 


Families 

True fresli- 
water 
fishes 

Anadromous» 
catadromous, 
and brackish 
water fishes 

Total 

Enden^ 
species ‘ 

ISTumber 
^ of 

genera 

Petromyzontidae ... - 

2 

1 

a 

— 

1 

Aeipenseridae 

— 

2 

2 

— 

1 

Engranlidae 

— 

2 

2 

— - 

1 

Salmonidae 

1 

4 

5 

1 

3 

Coregonidae 

3 

— 

3 

1 

1 

Thymallidae 

1 

— 

1 

1 

1 

Plecoglossidae 

— 

1 

1 

— 

1 

Osmeridae 

— 

5 . 

5 

2 

3 

Salaiigidae 

— 

4 

4 

— 

4 

Silnridae 

2 

— 

2 

1 

1 

Bagridae . 

9 

— 

9 

4 

5 

Cyprinidae 

Cypriixinae 

2 

— 

2 


2 

Gobioninae 

20 

— 

20 

8 

12 

Leuciseinae 

14 

2 

16 

4 

8 

Abramidinae 

6 < 

— 

6 

1 

3 

Acheilognathinae 

13 

— 

13 

7 

0 

Gobiobotinae 

7 

— 

7 

6 

3 

Cobitinae 

8 

— 

8 

o 

4 

Fintidae 

1 

— 

1 

— 

1 

Angnillidae 

— 

2 

2 

— 

1 

Gyprinodontidae ; 

1 



1 

— 

1 

Gasterosteidae 

— 

4 

4 

— 

2 

Osphromenidae 

' 1 

— 

1 

— 

1 

Ophicephalidae : 

1 

— 

1 

— 

1 

Mngilidae 

— 

3 

3 

— 

2 

Oligoridae 

— 

1 

1 

— 

1 

Epmephelidae 

4 

— 

4 

2 

2 

Tetraodontidae 

— 

1 

1 



1 

Cottidae 

4 

2 

6 

2 

3 

Platycephalidae 

— 

1 

1 

— 

1 

Eleotrida© i 

3 

— 

3 



2 

Gobiidae 

— 

9 

9 

1 

4 

Gadidae 

Pe4*ioplithalmidae ..... i * 

1 

— 

1 



1 

*— 

1 

1 



1 

Hemirhamphidae 

— 

1 

1 

— 

1 


104 

46 [ 

150 

43 

85 


No. T ^^DISTRIBUTION OF FRESHWATER FISHES IN CHOSEN — MORI 49 

fish-famia. Besides tliis fact, the presence of Acipenseridae and 
Sdlmonidue, and the absence of Osseous Q-anoidei makes it clear 
that Cho^n belongs to what Gunther terms the Palaearetic Eegion. 

Moreover, as is clear from the list of distribution, in Xorth 
Kankyodo and South Kankyodo (districts with rivers flowing into 
the Japan Sea and the upper reaches of the Yalu) such families of 
northern forms as Petromijzontidae, Salmonkhe, Coregonidae, 
ThymaTLiddB, Gcididci&, Cottidae, Gdst&Tosteidae, etc. are produced 
in abundance, while the species belonging to Sihtridae and Cijprini- 
dae of southern and Chinese forms are rare, and such families of 
southern forms as Bagridde, Flutidae, Osphromenidae, OpMc^phali- 
dde, etc. do not occur at all. Its fishfauna is therefore quite the 
same as that of the Siberian Subregion. 

In the next place, in the greater part of Chosen, excepting 
North and South Kankyodo, such families of Ashes that live in 
warm waters, as Silwridae, BagHda^, Flutidae, Osphromenidae, 
Ophicephalidae, Cyprinodontidae, etc. are found abundantly, and 
species belonging to Cyprinidae are 'exceedingly numerous. On the 
contrary, families of northern forms, such as Petromyzontidae, 
Sfllmonidae, Coregonidae, and Cottidae are seldom found, and, if 
found at all, are limited to the upper reaches of the rivers. In 
particular, fishes belonging to Thymallidae and Gadidae do not live 
here at all. From this state of distribution, it is imdoubtedly allied 
to the Chinese Subregion. 

It appears to me, from the above facts, that Chosen can be 
divided into two parts: (1) a part belonging to the Siberian 
Subregion and (2)'ijhe other belonging to the Chinese Subregion, 
both being a sectioii of the Palaearetic Region. 

(1) Siberian Subregion 

This Siberian Subregion to which North and South Kankyodo 
belong, can again be divided into two districts: (a) a district with 
rivers flowing into the Japan Sea and (b) a district forming the 
upper reaches of the Yalu.' 

(a) The part of Kankyodo with rivers fiowing into the Japan Sea 
(the Maritune District) 

There are no scholastics researches concerning this part of 
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Chosen except some papers on the Tumen River by L. S. Berg 
(1914), and by T. Mori (1930). As to the other rivers, no inves.ti- 
gations whatever have been made. The result of my pers,onal 
investigation has enabled me not only to identify all the fishes of 
these rivei's, but also to systematize my eolleetion into the following 
chart of distribution showing the relations of the fishes with neigh- 
bouring countries. 


Table III 

Distributional list of freshwater fishes in Chosen to show the 
relations with the neighbouring countries. 


Specific names 

Greater part 
of Chosen 

Japan Proper 

< 



Maritime 

District 

Siberia 

Hokkaido 

Karafuto 

a 

s 

o 

!2: 

1 Middle China 

Lampetra Japonica 



+ 

4- 

4- 

4" 

4 

- 


L. reissneri 

+ 

+ 


4- 

4- 

4- 

4 

— 


Aeipenser rnil'adoi 

— 

+ 

— 

4- 


4- 

4 

— 

— 

OneorJiyn eh us maso u 

+ 


+ 

4- 

4- 

4" 

4 

— 

- 

0. keta 


+ 

4“ 

4- 

4- 

+ 

4 

__ 

— 

0. (jorhuscha 


- 

+ 

4- 

4- 

+ ’ 

4^ 

- 

- 

Halverinus malma 

~ 

+ 

4- 

4- 

4- 

4* 

4 

- 

- 

'Bmehy mystax tu7nens is 

— 



- 

— 

- 

— 

- 

- 

Fleeoglossus aliivelis 



— 


-- 

4- 

— 

4 

- 

Osmerm dent ex 

- 

"f* 

+ 

4" 


4- 

4 

- 


'Spiriuchus verecundus 


- 

- 

- 




- 

— 

Sypomesm didns 

__ 


4- 

4- 

4- 

4- 

4 



E. japonicm 

— 

+ 

- 

— 

— 

4- 

— 


— 

^ Mallotus elongaius 

- 

- 

- 

- 


- 

- 

- 

— 

Salan^chthys microdon 

-i- 


- 

4- 

- 

4- 

4 


4 

Cyprinus carpio 

+ 


4" 

4" 

— 

4- 


4 

4- 

Carmsius aumtiis 

+ 

+ 

4- 

4- 

4* 

4- 

4 

4 

4 

Fmudormhora parva 

^ -f 


+ 

4- 

— 

— 

-- 

4 

4 

G&hw goMo 

— 

— 

4- 

4- 

4- 


— 

4 


Leneiseus watecMi 


— 

4- 

4- 

- 

— 

4 

4 

' 

X. hrmdti 



4~ 

4- 

— 

__ 

4 


— 

L. kahonemu 

+ 

+ 

— 

4" 


4- 

4 


‘ 

'Fhpxinm semotilm 

— 




— 





_w 



Fk. lagowskii 

-h 

— 

4_ 

4- 


— 



4 



Fk, efXfeephalm 

'' + 

— 

+ 

+ 

_ 


— 

4 

4 

Fh, oxyrhynchus 



— 


— 

— 







Fh, percnuTus sachalinensis 

- 

- 

- 

4- 

— 

- 

4 ^ 

3',l — 

— 
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Fit. plioxinits 

- 

- 

' 4- 

1 4 - 

4 

1 — 


' 



MJiodeus serieeiis 

- 

— 

! 4- 

4“ 

j 

1 __ 

4 

( _ 



CoMtis taenia 


4- 

' + 

4- 

1 

! 4 



4 

4 

M isg urn us angii iUicaudat us 


4- 

i 4“ 

4- 


! 4 

— 

: 4 

4 

Lefua eosta^a 

"4" 

— 

' 4“ 

i 4- 

, — 

1 


i 4 . 



Barhatula toni 

4- 


' 4~ 

i , 

T 

4 . 

1 ^ 

4 




B. intermedia * 

— 

-- 


i 4- 

i 4 - 

1 



' 



Fa ras ilu r us aso t us 

' 4- 

4- 

! 4“ 

: 


i — 



j 4 . 


Gasterosteus oenleui us 

“T 

4- 

i 4- 

, 4- 

1 4 

1 

- 4 

4 . 




Pu 71 g i t ius si nen sis 

- 

4* 

; 4- 

4- 

— 

+ 

"T 

4 

4 

P. Jjrevispwosus 

-- 

- 


+ 


4 


— 

— 

F. tymenms 

- 


— 

+ 


i 4 . 


— 

— 

Mugd eepJialus 

4- 

4" 


4- 

— 

: — 


4 . 

4 

LateoJahrax Japonicus 

4- 

4" 

4- 

4- 




4 . 

4 

Coitus poeciloinis 

4- 


+ i 

4 . 

4 



« 

— 

C. esersMi 

, — 

— 

i 

+ 


j — 


j — 

— 

°C, hangiongensis 

— 


1 

— 

1 

! — 

— 

) _ 


Myoxocephah^s jaok 


— 

+ 

4- 

__ i 

— 

4 . 

: 


Tr achy derm us fasciatus 

+ 

4- 


i 

— : 

— 

— 

4 

4 

Per coitus glelini 


— 

4 

4- 

— ; 

-- 

— I 

i 4 . 


ChaenogoHus macro gnath us 

4- 

4* 

4 

4- 1 

_ ! 

4 

4 


— 

FJmwgo'bius si 7nilis 

4- 

4" 

4- 

4 1 

— ! 

4 

~ 1 

4 

— 

Fh, giurinus 

4- 

4- 

4- 1 

4- , 

1 

— 

f 

”” [ 

4 - 

•4 

T ridentiger o hseur us 

4- 

4~ 

j 

4* 1 

— ! 

4- 




T. Mfaseiatus 

4- 

4" 

+ : 

T 1 

_ , 

— 


4 

4 

A cantJi ago h i us flavman us 

4- 

+ 

- 1 

4 

- 

4 . 



- 


29 j 

30 

33 I 

44 

16 i 

25 

23 

21 

14 


It may be seen from the above, that, of the 54 species oceiiring- 
in this part, excepting 6 endemic species, 48 have relations with 
neighbouring countries. Now, of these 48 species, 44 are in common 
with the Maritime District, which occupies 92%. The ii^ecies 
which are in common with the Amur District are 33, i.e. 70%. 
Karafuto has 23 common species,- Hokkaido 25. Karafnto and 
Hokkaido seem to have few in common, compared with 30 of Japan 
Proper and 29 of the greater part of Chosen, as in the former 
two districts the number of species of fishes is small : 31 in Karafuto 
and 35 in Hokkaido ; in fact about 70% of their fishes are common 
to both. On the contrary, though Japan Proper has about 100 
species of freshwater fishes, and the greater part of Chosen, 125 
species, the former has only 30% and the later, 24% in common, 
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after all. On the other hand, close examination of its endemic 
.species shows that they are of the northern type. 

Since this part jiroduces fishes of almost the same species as 
those in the Maritime Province, it is easily proved that it belongs 
to- the Maritime District, as presupposed by Professor T. Iva-vva- 
AitJHA, and has a close relation -with Karafnto and Hokkaido. 

That this part has nearly the same fish-fauna as that of the 
Maritime Proifinee is accounted for by the fact that this part is 
washed, like the Maritime Province, by a cold current called the 
Liman Current, and on that account in both there are the same 
species belongingto Salmonidae, Osmeridae^ Gasterosieidae, Acipen- 
seridae, Petromyzontidae, Cottidae, Scdangidae, etc., which are re- 
lated to cold currents. 

i 

(b) Upper reaches of the Yalu or the Oryoku River (Amur District) 

As it was stated in my paper; “On the freshwater fishes from 
the Yalu River” (1927), the fish-faima of the upper reaches of the 
Yalu River Very closely resembles that of the Amur. I give, at 
the end of this pamphlet, a chart of distribution, in which it may 
be seen how they resemble each other. 

As may be seen from table IV, of the 20 species produced in 
this part, there are two species endemic to the upper reaches of the 
Yalu; and of the remaining 18 species, there are 15 species in 
common with the Amur, that is, 83%. There are 12 species in 
common with the greater part of Chosen, that is, 67.%. It is a 
matter -worthy of. notice that, in spite of the river being the .same, 
the upper reaches resembles the Amur in fish-fauna far more 
than the middle and lower reaches, and besides this, the endemic 
species of this part are of the Amur system, having close relations 
with those produced in the Amur. 

These facts have induced me to conclude that this pai’t should 
be referred to the Amur District. 

This district, on the other hand, is a part of the Kaima Plateau, 
with an altitude of 1.000 meters. Though there is a kinship to the 
Amur District in climatic conditions, there is a significant pheno- 
menon that causes a decided difference in their fish-distribution. 
It seems that, in the remote past, this river was the upper stream 
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Table IV 

List of the freshwater fishes in the upper reaches of the Yalu River 
to show the close resemblance to those of the Amur. 


Specific names 

Greater part 
of Chosen 

Amur 

Maritime j 

district ] 

o 

oE 

Hokkaido 

c 

C£ 

i4 

S' 

?-4 

Nortli C^hiim i 


Livmpetra morit 

+ 

— 

— 



— 


4- 

— 

SaJverinus vialma curilus 

-h 

4- 



-f 

4- 

— 



^Hiiclio isliiJcawae 


— 

— 







Bracliymystax lenoTc 


4* 

4- 

+ 






B. coreyonoicles 

— 

4- 


4" 

— 

- 




° Til y m alUis jal/u e n sis 

- 

- 

- 

- 

- 

- 


- 

— 

Leucisms tcaleckii 

— 

4“ 

4* 

- 

— 

4- 

- 

4- 


Flioxiniis oxycepliahis 


4- 

4- 





+ 


Blioxinus plioxinus 

- 

4* 

4- 

4- 1 

- 


- 

- 


Opsarii chill ys Mdens 

'4' 

4- 

- 

- ^ 

- 



- 

4^ 

1 + 

Gotio gol)io 

- 

4* 


4* 


- 

- 

4- 

- 

Sarcocli e U i clithys soldatovi 

- 

+ 

- 

- 

- 

- 

- : 

— 

- 

Laclislavia tacisanowsl'ii 

+ 

4- 

- 

- 

- 


_ i 



- 

CcMtis taenia 

4- 

4- 

4- 

4- 

- 

4- ^ 

4* i 

+ 

4* 

Barhatulci ioiii 

4- 

+ 

4" 

-f 

-f 

4- 


4- 

- 

Farasiliims asoPus 

4- 

4- 

+ 

- 

- 

- 

4“ 

4“ 

4- 

Sinipcrea sclierseri 

4- 

- 

- 

- 

- 

- 

- 

4- 

4- 

Coitus poecilopus 

4* 

4- 

. -f. 

+ 

— 

_ 

— 


— 

Anguilla Japoniea 

4- 

— 

— 

— 

4- 

-- 

4- 

4- 

4- 

Lota Iota 

— 

4- 

— 

+ 

— 

+ 

— 




12 

15 

10 

8 

8 

5 

3 

10 

7 


of the Sniigari River, which, owing to some convulsion of nature, 
was shut off in the middles; the stream, thus intercepted, running 
through the Chosen" backbone mountain range and flowing west, 
came to join the Yalu, in a secondary process of water erosion. 
This is a mere hypothesis, but unless it is accepted, there is no 
accounting for the difference in distribution. This theory of mine 
is in perfect agreement with a geological article by Dr. 8 . Naka- 
mura, Professor of Geologj^, Kyoto Imperial University published 
two years after my theory was published. (See “Nihon CMri 
Fuzoku Teikei ’’-Chosen no Bn Jo, or “Exhaustive Collection of 
Information concerning the Geography and Customs of Japan”: 
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the Volumes of Chosen (1929), part 1, p. 50). 

Moreover, this district differs in the point of fish-fauna from 
the districts of North and South Kankyodo that have rivers flowing 
into the Japan Sea, in the following Avay : — 

(1; Of Sulmonidae, there is no genus belonging to Onco- 
rlnjnehKS, while there is a great abundance of fishes of the two 
genera, HiicJto and Salverimis. 

(2) Gadidae and Tliymullidae are produced in the former, 
while they are not in the latter. 

(3) In this district Anguillidac and Epinepheridae make 
their intrusion. 

(4) Of Cyprinidae, such genera as Ladislavia, Sarcocheilich- 
fhy$, and Opsuriichthys, which are not found in the latter district, 
are found here. 

(2) Chinese Subregion 
(c) Greater part of Chosen (Chosen District) 

In the rest of Chosen, that is, Chosen minus the above districts, 
the fish-fauna is very abundant, its species amounting to 125, the 
chart of distribution of which is as follows : — 


Table V 

List of the distribution of the freshwater fishes in the greater part of 
Chosen to show the relations with those of adjacent territories. 


Specific names 

Japan Proper 

North China 

Middle China 

Amur 

Maritime 

District 

Siberia 

Hokkaido 

Karafiito 

Lampetra japonica 


— 

— 

+ 

+ 

+ 

+ 

+ 

L, reissneri 

•P 

- 

— 



+ 



L. morii 

— 



— 

— 


__ 


Aeipenser sinensis 



+ 


— 


— 

— 

Oncorhpnchm masou 


— 


+ 


+ 


-f 

0, keta 1 

+ 

- 

— 

+ 

+ 

+ 



Scdveitifim 'malma, curilus I 






+ 


+ 

+ 

Braehi^m^stax lemk 1 

— 


— 

+ 

+ 





Fismglmms altivelis 

+ 

-f 

— 


— 


“h 



^iriakensis 




— 

— 






Protmalanx hyalocranius i 

-- 

+ 

— 

— 

— , 





— 

Memmlgmz mdemQmi ' j 

- 


- 

— 

— 

— 


— 
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Coilia nasus 


+ 

1 

+ 

1 

1 

'! 

- 

- 

C. edtenes 

— 

+ 

4- 

— 

1 

■" i 


— , 

__ 

Parasilurm asotus 


"r 

-4t 

4- 

' 


— 

— 

°P. microdorsalis 

— 

— 1 




— ! 

— 


Pelteo'bagrus fulvidraco 

— 

+ i 

4* 

4- 

— ; 

— 

— 


Pseudohagrus vaclieJi 

“ 1 

+ ! 

4- 






emarginatus 


j 

i 

“ 





®P. 'brevieorp^s 

— 

— 


“ i 





Lcioeassis dumerili 

_ 

+ 

4* j 

— i 

— 

* 



L. brashnikowi 




4- ! 

— 




L. ixssuriensis 

— 

+ 


4- 1 

— ; 

— 

— 


""Liobagms andersoni 

~ t 


1 



; 

“ 


inediadiposalis 

— 

— 

- 


**" j 

” ; 



Cyprinus carpio 



4- 

4" 

+ 1 

— 



Carassius auratns 


+ 

4“ 

4" 

-J- 

4* 

4- 


Pemibarbus labeo 

— 


4“ 

4* 

— 


— 


JS. Jongirostris 

— 


— 






"^BelUgohio mylodoii 

— 








Pseudagobio esoeinus 



— 






Abbott ina rivularis 

— 

+ 


4- 

— 


— 


Leucogobio strigatiis 

— 

4- 

— 

4- 





eoreanuH 









majimae 








1 — 

Pseudorasbora parva 


+ 

4- 

4“ 

j 4- 



i ” 

1 

Ladtslavia tacmnoicsMi 

— 

— 


4- 

j 




° Sarcoelieilichtliys morii 

> 






1 _ 


°S. kobayasliii 

i ”” 





i ^ 

1 


waTciyae 







i ““ 


S, soldaiovi 









S. lacnstris 




4- 





Coreins cetopsis 

— 

*r 

4- 

4- 





^Pungtungia Jier^i 









P, liilgendorfi 

+ 








Psendopungtunaia nigra 

_ 





j 



ApJiyocypris cliinensis 

— , 

+ 

JL 






Leuciscus brandti 




4- 


i ” 

i 


L. hakonensis 


“ 

— 


4- 


( 4 - 


° PJioxinus semotUus 

— 






i 


Ph. oxycepbalus 

— 

4- 

4- 

4- 

4- 

I ”” 



® Coreoleiidscvs splend id ns 






^ - 



OpsariieMhys Mdens 

— 

4- 

+ 

4- 





Zq^coo platypus 

+ 

4- 

+ 





- 

Z. temmincJci 

+ 








Squalioharbus eurriculus 



4- 

-f 


' 

! 
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°OchetoMus luceus 
Tarapelecm jouyi 
F, eipemnatuii 
CuJter erpthropUrus 
r. reeurviceps 
C\ hrevicmula 
He m ieulter le iic ise ulus 
Aelieilognaih us laneeolata 
""A. yarmtsntac 
Aeanthorliocleus asm iissi 
^A. gracilis 

Faracheilognotli us coreanus 
® P. pse udorJio m J) ea 
P. taMra 
MJiodeus oeellatus 
®P/i. uyeJdi 
""MIl auigensis 
Mh, notatus 

°Fseniopcrilmipus liondai 
Bdurogolio dairy! 

^ Goliohoiia ina ero cep lialus 
° G. hreviharha 
"^G. n alctongcn s is 
""MicropJiysogobio JrorcensLs 
*lf. longidorsaJis 
yaluensis 
Colitis taenia 
^ C, Midtifaseiat us 
Totundiemda 

Misgurnm angmlUcauclaius 
M, mimlepis 
Lefua costafa 
Barlatnla tom 
Fluta alia 
Anguilla japonica 
A. mauritiana 
ApUcheUm latipes 
Gmterastem aenlmti^s 
ckmensis 

Ophieephalus argus 
Mugil eephalus 
Jf, oeur 
Liza haematochila 
LaieoXabratt jcponicus 
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^Coreoperca her^i 

— 

— 



; — 


— 

— 

C, hawame’bari 

-f 

- 

- 

- 

- 


— 

— 

""Siniperca aequiformis 

- 


- 

-- 



- 

- 

8. scherzerl 

-■ 

4 

4 

- 

1 

-- 


— 

Splieroides ocellatus 

4- 

4 

4 

- 


- 



Cottus poecilopus 

- 

- 

- 

4 

+ 

4 

- 

- 

sMragiensis 

- 



- 

- 

- 

- 

— 

Trachydermfiis fasciatus 

4“ 

4 

4 

- 

; - i 


- 

- 

Flaiyceplialus indicns 

4 

4 

4 

- ’ 

- i 

- 

- 

- 

Odontotutis o'bscurus 

+ 

4 

4 


‘ 

-- 


— 

Eleotris potamopMla 

- 

4 

-f- 

- 

- ; 


- 

- 

ChaenogoMus macro gnathus 

4 


- 

- 

4 1 

- 

4 

4 

BMnogodius mmilis 

4 

^ 1 


4 

1 4 1 

- 

4 

- 

BK giurinus 

4 

4 

4 j 

- 

' 4 ! 

- 

- 

- 

Tridentiger o’bscurus 

^ 4 

- 

__ i 

- 

4 

- 

4 

- 

T. birasdatus 

4 

4 

4 

- 

- 1 

- 

- 

- 

coreanm 

- 

- 

i 

- 

; - I 

- 

- 

- 

Acanthogobius fiavimanus 

4 

4 

- 

- 

‘ 4 1 

- 

4 

- 

A, ommaturus 

- 

4 

4 

- 

— 1 

- 

- 

- 

A, luxsta 

4 

4 

4 1 


- 

- 

1 

- 

Feriophthcdmus cantanensis 

4 

4 

4 ! 

1 

- 

- ? 


- 

- 

EyporliampMis sajori 

4 

4 

4 1 


— ; 

— 

— 

— 


46 

65 

49 

37 

1 27 ' 

11 

17 

11 


As may be seen from this list, in the greater of Chosen such 
hshes of the families belonging to southern forms as Bagridae, Flu- 
tidae, Angwillidae, Epinepheridae, Ophicephalidae, Osphromenidae, 
Cyprinodontidae, etc. are produced in great quantities, and 
Thymallidae and Gadidae, of northern forms, do not exist. Like- 
wise, such families as Petromyzontidae, Sahnonidae, Coregonidae, 
Goitidae, etc. are rarely found, and, if found at all, in the upper 
reaches of rivers as remnants, excepting the eastern coastal districts. 
Especially Gasterosfeidae and Oncorhynchus of Halmonidae do not 
seem to live anywhere except in the eastern coastal districts 

Though L. S. Bers puts all the eastern coasts of Chosen, that is, 
as far south as Pusan, into Ms Maritime District. There occur along 
the eastern coast south of Gensan, such families of southern forms 
as Bagridae, Ophicephalidae, AnguUUdae, Cyprinodontidae, and 
the following species of Cyprinidae which are not produced in the 
Maritime District, such as Zacco temmincki, Zaceo platypus, Coreo- 
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leuciscus splenchdiis, Pseuclogobio esocinus^ etc., wliieli have rela- 

tions with Japan Proper and China. As for northern forms, only 
Lampetra Jupomca, L. 7'eissneri, Oncorliynclius mason, 0. heta, 
Gastewsfeun aciileafus, Barlutula font, and Coitus liangiongensis 
are found, while fishes 'of purely northern type such as Oncor- 
hynchus gorhuscha, Salverinus malma, S. malma curilus, Bracliy- 
mystivx fuinensis, PiingiHus sinensis. Coitus poecilop^is, Rhodeus 
seriseus, Goiio gohio, Phoxinus plioxinus, and species belonging to 
Osmeridae, do not exist at all. Prom these facts I put the eastern 
coast of Chosen south of Gensan into the greater part of Chosen. 

iloreover, L. S. Berg puts the greater part of Chosen into the 
Amur Transitional Region ; but I can not agree with this. Of the 
125 species of fishes found in this district, we may leave out 36 
endemic species. Of the remaining 89 species, those that are in 
common with North China are 73%; with Middle China, 55%; 
with Japan Proper, 52%; and with Amur, 40%.. Thus its close 
relationship with North China is clearly seen. Take its endemic 
species on the other hand. The genera to which they l)elong are 
those of southern or Chinese forms, such as Parasilurus, Pseudo- 
lagrus, Liohagrus, Belligohio, LeucogoUo, Sarcocheilichiligs, 
PungUingui, Pseudopunghuigia, Coreoleueiscus, Parupeleetis, 
Acheilognathus, Acanthorhodeus, Rhodeus, Pseudoperilumpus, 
Gohiohotia, Microphysogohio, Coreoperca, Siniperca, etc., wdiieh 
have an afSnity with China or Japan Proper. Of the genera to 
which these endemic species belong, BelUgoMo and Pungiungia are 
produced in Chosen and Japan Proper only; and four genera, 
Coreoperca, Liohagrus, Pseudoperilumpus, and Paracheilognaihus 
are distributed in Japan Proper and China, but not in the Amur. 
The endemic species that can be considered of northern forms are 
Phoxinus semotUus and Coitus shiragiensis only. These facts 
prove that the greater part of Chosen does not belong to the Amur 
Trasitional Region, but to the Chinese Subregion. 

At the same time, though the fish-fauna of the greater part 
of Chosen resembles that of North China, the former has such 
endemic genera as Coreoleueiscus and Psmdopungtungia; and such 
genera as Coreoperca, Belligohio, Pwngtungia, and Liohagrus, are 
not distributed in xNorth China, ' while, on the contrary, in the 
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greater part of Chosen, Puralramis, Xenocyprk, Hijpoththal- 
miclifhys, Elopiclithys, ChanodicMhyn, Ctenopharyngodon, Lep- 
fobotin, etc. do not make their intrusion. Thus there is a distinct 
difference in the fish-distribution. 

And what' arrests our special attention is that it has so many 
endejpaie si3ecies of its own, and unlike other districts that belong 
to the Chinese Subregion, such species of the Amur type as 
Lampetra morii, BracJiymystax lenoJc, Salverinus malma ctirilus, 
Ladislavia taczanowskii, Barhatula toni, and Coitus poecilopus still 
remain in the upper reaches of the rivers north of the central part, 
in relic forms of those which abundantly existed when the tempera- 
ture was low in olden times, thus forming a peculiar fish-fauna. 
Thus the greater part of Chosen, though belonging to the Chinese 
Subregion, makes up an independent district : the Chosen District. 

• This district is divided into the following four subdi.striets by 
its physical features, topography, climate, ocean currents and tidal 
currents : — 

(1) Bast Chosen Subdistriet — This is the general name 
for the part east of the backbone mountain range. The backbone 
inclining towards the east, and accordingly rivers in* this subdistrict 
being small and short, the fish-fauna is poor and scanty : the number 
of species belonging to Cyprinidae is small, and though, as above 
stated, fi.shes of southern forms live in abundance, under the in- 
fluence of cold oceanic currents are j^roduced sucli northern type 
as Layiipetra, Oncorhyuchns, and Cdsferosfeus, and in river-mouth, 
Gohiidae, of northern forms. 

(2) South Chosen Subdistriet — This is the name given 
to that part which contains rivers flowing southward in the south 
of tlje Shohaku Mountain Kange and the Rorei ^Mountain Range. 
In this subdistriet, elements of Ja])an Proper such as Careoperca 
kawamebari and Pungtungia hilgendorfi make their intrusion, and 
in this subdistrict only; and genera of Chinese or southern forms, 
such as Bqualiobarbus, Parupeleciis, Bauroyfbio, and Leiocassis, 
though they exist in West Chosen Subdistriet, do not intrude here; 
thus forming a fish-fauna somewhat different from the other sub- 
districts. Moreover there are some slight differences inside the sub- 
. district : the Rakuto River, under the influence of a cold current. 
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produces Oncorhijnclius, Lampetra, and Gasterosteus, but in no 
other rivei-s belonging to this subdistrict. 

(3) Central Chosen Subdistrict — West of the backbone 
range, tlie eoimtiy is spacious and the rivers are long and broad. 
The rivers, north of tlie Kan River, show a difference of distribu- 
tion according to the position: the upper reaches, or the middle 
and lower reaches. In the upper reaches, many fishes of southern 
forms live, but at the same time, on account of the altitude and 
cold climate, the six genera of northern forms, Lampetra, Salveruius 
(this genus lives north of the upper reaches of the Daido River). 
BracJunujisfa.'r, Ladislavia, Barhaiula, and Coitus, are found as a 
few remnants. In this subdistriet. too, as fishes of mountainous 
rivulets, there are endemic species belonging to Gohwbotia, Micro- 
physogohw, and CoreoUiickcns : — an altogether peculiar fish-fauna. 

(4) West Chosen Subdistriet (including all the rivers 
south of the Kin river). — This subdistriet is of low and plain coun- 
try, and the water temperature is comparatively high, so fishes of 
the upper reaches do not live there, but genera of southern forms, 
such as Leioeassis, Pelteolagrus, Psexidohagrtis, Liohagrus, Para- 
silurus, Flut a' Anguilla, Aplocheihis, Ophicephalus, and Macro- 
podus, and also Cyprinidae of Chinese forms, are produced in 
abundance; in the Yellow Sea, as an effect of the large difference 
between high and low tides such families of braekishwater fishes 
as mentioned below, come up, with the b^h tide, as far as the 
middle reaches: Engraididae, Salangidae, MugUidae, Oligoridae, 
Tetraod^ntidae, Platycephalidae, Gohiidm, Periophthalmidae, and 
MemirJiamphidm, thus forming a peculiar fish-fauna. 

IV Conclusion 

I will now sum up the above statements. 

(1) Chosen belongs to the Palaearetie Region. 

(2) Of Chosen, North Kankyodo and South Kankyodo belong 
to the Siberian Sn!5region, and the rest of Chosen, to the Chinese 
Subregion. 

(3) That part which belongs to the Siberian Subregion, is 
divided into two parts : 

a The Maritime District, or the district that has rivers 
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flowing into the Japan 8ea. 

b The Amur District, or the upper reaches of the Yahi 
Eirer or the Oryoku Eiver. 

(4) That part which belongs to the Chinese Subregion has 
umerous endemic species, and forms the Chosen District. 

(5) The Chosen District again is divided into four sub- 
listriets 

a East Clioseu 
b South Chosen 

e Central Chosen, or the upper reaches of rivers flowing 
into the Yellow Sea. 

d West Chosen, or the lower reaches of the foregoing. 

(6) The greater part' of Chosen is the country where the 
^Siberian Subregion and the Chinese Subregion border each other ; 
gttheir point of contact, the East Chosen Subdistrict receives the 

influence of the Maritimd^istrict, and the Central Chosen Sub- 
district receives that of the^ Amur District, mixing some northern 
forms with southern forms. But the elements of the former are 
extremely few. Therefore these two subdistricts should be put 
under the Chosen District. 
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On a Shark Tcxyra krom the Lower Eocene. By 
Sunder Lal Hora, D.Sc., F.R.S.E., F.N.I., Asdstant 
Superintendent, Zoological Survey of India, Calcutta* 

The aharlf tooth^ reported here was sent to me by Mr. E. E. ^0 
of the Geological Survey of India who obtained it in 1931, £fom. just 
south of the Salt Department Best House at Sar Kalan, 3 miles 
E.S.E. of Kurpur in the Salt Eange, Jhelum District, Punjab. It 
was found in “ the flaggy, foraminiferal, pinkish-grey (weathering 
yellow-brown) limestone, which is associated with variegated sand- 
stones below the Nnmmulitic c<ml shale horizom” Mr. Gee has 
informed me that, on stratigraphical grounds, the fossil should be 
referred to the Ranikot (Lower Eocene) age (Gee, 1935 ; Davi^ and 
Pinfold, ' 1937). 



Teeth dT three spedea of LmoM Cav. a. Lmma mppea^dkaaeOa Ag.; b. Lamna ep. 
from the SaJt Kauige, Panjeb, xl| ; e. Lnutma obligua Ag. 


F%nre8 6. «. are eopiee £rora 2SHitd ai^ ail the three tee& are eokiged th the same 

leogth for the porpoee of oompaiisoa. 

The tooth (Ho. E39/614o) is of a burnt ambmr colour ; it is veiy; 
stout and consistB of a large, conical cr^ and of two well-defined, 
-fairly broad, somewhat obtuse, lateral dentid^ one at each side of 
the base of the The root, whidh was embedded in the rock 

and has been es|>(»d by umng acid to diseohre the rock, is huge, 
expanded latcirally and only sl^tly bltesate. The surface of the 
tooih is well polished aitd omamented with small pits; the oeskai 

^ *P»hiisl^ with {MBsaiiiB&m &e Bireot*^; Zoolegial Siwray of lai£a. 

^ Besides one complete tooth, lateral denticles or podaom lateral deoticks of aerwal 
other teeth were found embedded ia reek No. KM/SH. 
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portion is somewliat raised so ttat tlie exposed snrfaos (probably 
external) is somewliat convex. Tbe lateral edges of tbe cusp are 
sharp and entire and the tip is pointed. The measurements of the 
tooth are : 

Length of onap .... 17 mm. 

Width of base of onsp ... 10 mm. 

Width base including that of denticles 15 mm. 

From the nature of the tooth it is clear that it should be referred 
to the family Lamnidae^ in which the teeth are pointed and are 
usually of a large size ; the lateral denticles may or may not be 
present. Of the genera of the Lamnidae, the teeth of the genus 
Lamna Cuvier possess a somewhat broader cusp ; the lateral denti- 
cles are also larger. The f<^il tooth should, therefore, belong to 
this genus. According to Zittel (1932, page 77), Lamna is 

“ very abundant in the Chalk, Tertiaries, and existing seas. Teeth of Z* 
appendiadata Ag. universally distributed in Upper Cretaoeons. L. obltqtia Ag. sp., 
large teeth from the Eocene. L. ffofaaTta White. Eocene ; Tunis.” 

So far as I am aware Lamna {sensu stricto) has not hitherto been 
recorded from the Indian seas.® The recent species, L. nasus, is, 
however, known “ from the British Isles, the Mediterranean, the 
"Western Atlantic, and from Japan ” (Carman, 1913, p. 35). A 
species has recently been described from New Zealand (Phillips, 
1935, p. 239). The discovery of a tooth of Lamna from the Salt 
Range is, therefore, of fecial interest. 

The teeth of the present-day, widely distributed porbeagle shark 
— L. nasus — are provided “ with broad two-rooted base and slender 
lanceolate cusp at the base of each side of which in the larger speci- 
mens there is a sharp denticle.” (Carman, 1913.) The fossil 
tooth described here seems to represent an intermediate type be- 
tween the more massive teeth of L. appeniiculata and L. obUqua 
and the slender teeth of L. nasus. 

1 Gaxman ia hi* mooogHfcph “The Plagiostomia” {Jfem. Mus. Comp. Zool. 

Stmmd X01¥I, 1913)* Lamma m a subg^ekus of Ismrm Raj&ncsque 

and hMr tiierefc»e» adopted tke family name Istuidae. Lamna is, towever, distiagmsEed 
fem Ismrng by 'tte faSst Hmt tfe of forrn^ are proYi<^ wifE dentMfes on 
of ^ Ims© In adnl^ wMk in Iskmm lEe taelii are witEoot dmticte. 

® Attsasfcicm Eere l)e directed to teeth of Carckarias hicu^pidatus I>ay^s5a 
Od<mtap«h iWrtts mkH A Bfanle) wfeE are ** Tery laige, awl-sliaped, smooth except at 
tM wlirare exist® a either side ” (Bay, Fish* India, p. 713, 

dXxxvi, %* 1, 1878). IVom Bay’s figmm of fee teefe it is clea^ that fee £sh feonld 
he n^nred to geniw Odam^psm Ag. T!^ teefe of Odmdapsis are imiilar to tiwse of 
hmM are mnfe aaore and fee barel are Tocy sxnali aiiyd fearp. 
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la deewribiag tike Tertiary fiabes of ladia, Lydekker (1886, 
p, 248) d^ribed two vertebrae aader the family Laroaidae but he 
was unable to ass^ them to any gentus. He observed: 

Tl» vertebra of a slualc xepreeeiited in plate XXX.V1I, figa. 9, 9a, fe one of 
two idmilar spedmens in the Indian Mnsenm from tiie SnraliiB of Perim Island. 
They agree very doeely with the vortehrsB <d Lamna conmbica, and not improbably 
bekmg dtfaer to Lcamut or Ccatharias.^* 

Boldi , l^ie foesO , tooth described above ai^ the vertebra figored 
by Lydekker show that fishes aimilar to Lamm nasus flourished in 
the Tertiary seas and estnaries of India. 

As re^u^ the qjedfic identity of the fossil tooth it is ve^ 
difficult to come to . any definite condnsion, as Wederis (1931, 1^2, 
1933) and Mniray’s (1930) recent papers, in which specias of Lemma 
are figaied, are not available in Calctitta. I have, however, con- 
snlted White’s (1931, 1934) papers and find that the tooth nnder 
report does not agree with emj of the species of which the teeth are 
figured by him. 
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On Fc^il Fish-remains from the Karewj^ of Kashmir. 
By Sunder Lal Hora, D.Sc., F.R.S.E., F.N.L, Assistant 
Superintendent^ Zoological Survey of India^ Calcutta, (Witlx 
Plate 14.)“^ 


L~»INTRODUCTION. 

In 1932 and 1935, Dr. Hellmut de Terra, Leader of the Yale Nortli 
India Expedition, collected a number of fossil fisb-remains in the 
Kashmir valley which he sent to me for study and report. These 
remains, which are of a very fragmentary nature, are not in a^ good 
state of preservation. The earlier lot, which consisted of. Bits of 
spines and vertebrae, was almost indeterminable. The 1935 lot, 
however, comprised one greatly crushed skull (Specimen No. 
K 40/247), impressions of the caudal region of two specimens and a 
counterpart of one of these, a piece of skin with scales and two 
pharyngeal teeth. From the nature of the scales it has been possible 
to refer the entire material to the sub-family Schizothoramnae 
(Family : Cj^^rinidae) which, as is clear from Mr. Mukerji^s (1936) 
report on the fishes collected by the Yale North India Expedition, 
forms, even at the present day, the most dominant element in the 
fish fauna of the valley. 

Most of the specimens reported upon were collected from Ningal 
Nullah, near Gulmarg, at an altitude of about 9,800 feet. Dr. de 
Terra in his letter dated April, 7, 1937 informs me that 

**The sp^sim^is collected in Ningal Nullah, near Gulmarg, come from 
an expc»tire of Lower Elarews beds at an altitude of 9,800 feet. The Lower 
Karewaa, as was imiicated in several pubEcations of mine, sbouM be referred to 
tbe feat InterglaciaL At thk particular locality the laminatei Karewa silts axe 
tilted and unconformaMy overlain by Giacio-flurial outwash deposits belonging 
to m ret2»st plii»e of tbe mcond Ningal glacier. These fisb-bearing beds also yielded 
many fcsesil leavw repimenting a Mne-Oak- Willow fiora. A petrologic analysis 
of the Lower K&mwm bm jmt been completed by Dr. Krynine of Yale University, 
who states that th«» beds were laid down in a la&e, and that part of the sedimen- 
tary matOTial snggMts derivatiocn from windblown silt*” 

Tbm article forms a auitiniia^cn oi the Biol^^cal Ile|K>rt3 NYU and XYIII 
of the Scientilic Rewwto tl^ Yale North India Bx|»dition (Mem, Ocmn. Acad,, 
X. pp* 2W-350, mad m paWisiwi her© with the perrnisskm of the Director, 

ZcK>lci!gical Burvi^ cjf iBdm, 
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According to .Mr. D. N. Wadia of the Geological Survey of India 
the matrix of the fossil fishes consists of 

“ A fine micaceons sandy clay snch as occurs in thick beds in the Earewas of 
Kashmir. It may be a fiuviatile or lacustrine deposit in still water ; there is a 
faint trace of lamination showing intermittent depc«ition. ” 

In the following account I propose to describe first the recognis- 
able fragments and then to refer to their afBnities. The ecological 
association of the fossil fish fatina is also discussed and it is pointed 
out that the occurrence of these fossils at an altitude of 9,800 feet 
affords additional evidence in favour of recent erogenic uplift move- 
ments in the Himalayas. 

The whole of the material is deposited in the collection of the 
Geological Survey of India. 

IL— DESCRIPTION OF THE COLLECTION. 

Sjpedmen No. K40/241. A piece of skin immediately behind 
the head region and below the vertebral column preserved in lateral 
view. 

Locality. — ^Ningal Nullah, near GuJmarg. 

The bony elements are too ffagmentaiy to be determined, but 
the akin is covered with small scales which slightly overlap 
one another (Plate XIV, fig. 1). All the scales show perfectly deve- 
loped circuK and complete radii in all fields (Plate XIV, fig. 2). Each 
scale is somewhat oval in outline, with a number of radii arranged 
all over the surface; the apical radii, however, are much longer 
than others and are more widely spaced (Text-fig. lo). The nucleus 
of the scales is basal and there are about 8-10 ajjwcal radii and an 
almost equal number of smaller lateral and basal radii. 

The scales of the type described above are characteristic of the 
Schixothoracinae, (Chu, 1935), but there are slight differences in the 
case of different' genera. The structure of the scales also vari^ 
acoordir^ to the portion of the body from which they are examined. 
The genera that axe known, from the Kashmir valley are 
ENiizotiuirax 'Eeckel, Oreinns McClelland, Schizopygopsis Steindachner, 
DiptyfLius Steindachner and Ptychobarims Steindachner. Of these 
Sdmop^gc^m possesses a more or less naked body, but the scales 
of other genera from above the pectoral fins were examined and 
it was found that the fosal scales described above show very* 
dose resemblaBce to those of Schkc^korcas (Text-fig. 1&) and Oreinus* 
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(Text-ficf Ic) Tie scales of a nimier of species of 

(lext-Qg. icj. xne aoa _ exaioined, and 

occiimiig in tie Easknix alley (iextiig. ) to Sck* 

it was found tiat tie fossil scales are more closely alied to .c/^. 



1.— Forfi scales said scales SchigoOmix and Oreimia from atove pectoral 

fill ftfE CfOlBpS»r®OII* tat at- 

An m&ymm&lm foffifi scale witli portions of two nei^botiring scales to snow tne 

• natiire of lepidf^fe and tli© structure of tlie scale. x52; b* Scale of ScMzothorax 

• Heckel. X SS ; «x Scale of Omnm dnuatm (Heckd). 
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curvifrons (Text-fig. 2a) tlian to any otlier species of SiAizothoroJO 
known from the Kashinii valley. 





!CBacT-Jio. 2. — Seales of cartaia KasTnnir species of Schizothorax. 

a. 8ch»za(horax mndfrme HeefceL X44; 6. SiikizolAorax micropogon HeokeLx44j 
c. StMzo^orax pkm^rons HedkeL X 44; d. Sciizolkomx hmgipinnis Heckel. 
X44. 

Sp&nmm No. K40/242. TJnderterminahle pieces of bone and 
two pharyngeal teeth with their crowns exposed (Plate XIV, fig. 3), 
Lo&My , — Ningal XnBah, near Gnlmarg. 
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The two pharyngeal teeth are preserved in different positions 
(Plate XIV, fig. 4). The grinding surface of one is fuUy exposed 
while that of the other is inclined obliquely. The outline of the 
fuUy exposed tooth corresponds with the outline of the crown of a 
pharyngeal tooth of Oreinus sinmtus (Heckel) from Kashmir but 
the pinding surface of the fossil tooth is more worn out and plain 
(Text-fig. 3). Grinding pharyngeal teeth of the type represented 
by the fossil teeth are characteristic of the Schizothoracme genera, 
such as Oreinus, ScMzothorax, etc. {vide Chue, 1935). 



Text-fio. S.-^utline of the crown of a fossfl pharyngeal tooth and that of Ordtiua 
nnmtua (Heckel). 

o. Poesil toth- X22; 6 . Tooth of Oreinus ainuatus (Heckel). xI7. 


Spedmens Nos. K40/243 and K40/244. Three pieces of clay 
containing bones and impressions of the caudal region of a fish of 
the same type (Plate XIV, fi[g. 5). 

Locality . — Ningal Nullah, near Guhnaxg. 

The anal fin is short, consisting of 6 branched rays and 2 un- 
divided raj^. The caudal fin is long and deeply forked. This 
region of the fossil fish agrees with the correspondiog region of the 
Schizothoraeine fi^kes, such as Oreinus (Plate XTV, fig. 6). The 
whole structure is of such a generalised nature that by itself it is 
not capable of specific determination. 

Specimen No. K40/246. Several loose, incomplete vertebrae 
of ihe opistihocoelua type. 

LocxdHif , — Several places in the Kashmir valley and TiarfaT;- 

Both caudal and trank vertebrae are represented in feis* lot. ■ 
Th^ do not po^ess any ^cial features which could be uriliaed in 
det^minatbn. However, they r^anble very closed the 
vertebrae of the Schizothoracinae. 
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Similar vertebrae were collected by Dr. de Terra from, several 
localities. 

Specimen No. K40/246. An incomplete dorsal spine in two 
pieces (Text-fig. 4). 



Tjbxt-fio. 4, — ^An incomplete, fossil, dorsal spine in two piecsos, and a normal dorsal spine 

of Oreimm mnmtim (Heckel). 

Potssil spine* X 3 ; 6* Spin® of mnuidus (Heckel)* x 3* 

Loccdity.^ — Unknown. « 

The basal portion o£ tbe spine is provided with an articular 
surface, while tbe distal portion is strongly denticulated along tbe 
inner border, Tbe serrations are promment and widely spaced. 

^ de Term lielievra tkat tliis and otkor loealitiM referred to aH come from the 
same Lowot Karewa l^eds ; mainly, the locality at Sombur cm tbe right l»ni% of the 
Jhelnm, abom Bmpmr 
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Of the genera of the Schizothoracinae found in Kashmir, the 
dorsal spine is feeble in Diptychus and PtyckobarbuSf while it k, 
strong and serrated in Oreinus, ScMzothorcuc and ScJiizopygopsis. 
The last named genus is devoid of scales, so on o priori grounds 
the fossil spine may be referrable either to Oreinus or to Schizo- 
thorax. 

The collection contains several other fragments of the nature 
of spines bat it is very difficult to assign to them any definite 
systematic position. 

in.— AFFINITIES OF THE MATERIAL. 

From the foregoing account of the various fragments of fossil 
fishes, it is clear that they should be referred to the genus Oreinus 
or Sckizotliorax. It has already been indicated (Hora, 1936) that the 
two genera are very closely related and are capable of interbreeding. 
In fact, all gradations of form between Schizothorax and Oreinus 
were found in a collection of recent fish from Chitral and it was con- 
clude<l that the latter represents a fluviatile form of the former. 
In the collection of fish made by the Yale FTorth India Expedition, 
Mukerji (1936) found a series of forms intermediate between ScJiizo- 
thorax and Oreinus and described two hybrid forms. At the present 
day both these genera are well represented in the lakes and larger 
streams of the Kashmir valley. It appears reasonable, therefore, 
to infer that the beds from which the fossil fish were obtained must 
have been laid down either at the bottom of a lake or a large sluggish 
river. This conclusion was also reached by Mr. D. N. Wadia from 
an examination of the matrix of the fossil fishes {vide supra, p. 179). 

- Both Schizothorax and Oreinus are comparatively low altitude 
genera and their occurrence at a height of 9,800 feet in the fossil 
state needs some explanation. To form some idea of the altitudinal 
distribution of the various Kashmir species of the Sckizothorcunnac, 
1 give below a list of the present day fishes obtained by the Yale 
North India Expedition with the number of specimens of each and 
the altitude3,»in feet, at which they were obtained. 

1. Sdiia^komx labiatus (McCIell) . .1 ^lecimen from 10,730 ft. 

2. SehmUwmx hnffipinnis Heekel . .1 specimen from 5,196 ft. 

2. Schm^korax eaocinus Heckel . . .10 specimens from 6,200 ft. and 

2 spedmeas from 10,700 ft. 

4. Sckixoihtmix ^nifnms HecW . .9 specimens from 5,200 ft. 

5. Schi^Shorax micropogom Heckel . .10 specimfflns frcaai 5,200 ft. 

6. ScMaotkorax cwmfrma Heckel . .5 spedmens from 5,200 ft. 
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'7- tTreintis sinvatue (Heckel) . . . specknens frum 5,200 ft. { 

5 epeoimens from 8,700 ft. and 
3 specimens from 10,730 ft. 

8. HylMds betw^een SiAizoiftoraa: x Oreinus . 11 specimens from 6,200 ft. 

'9. Sdhizopygopsis gldiaskae Steind- . . 13 specimens from 10,730 to 

14,203 ft. 

10. JHptychua maculatua ^iad. . . . 17 specimens from 10,250 t6 

15,215 ft. 

11. Pit/chcibatius conirostria&tek^ > ■. S specimens Iroia 8,790 to 

13,621 ft. 

It is clear from the above that, as a general role, Schizothorax 
and Oreinus are inhabitants of comparatively low altitudes, whereas 
Sehizopygopsis, Diptydkus and Ftychobarbus are only found at much 
hi^CT altitudes. Oreiftua, in particular, is a genus the 
southern dopes of the Himalayas and is not found on the 
tableland o£ Central Ask. Though there are no d^nite observa- 
tions on the migrations erf •Schizothorax and Oreinua to small 
torrential streams for breeding purposes, it seems probable that, 
lilce the trout, they may also ascend at times into the smaller 
streams of lie h%her reaches. The time during which the Yale 
•North India Expedition collected fishes froBi ihe higher altitudes 
•coincided with the breeding season of these fishes, viz., June to 
September, and it is no wonder, therefore, that some specimens 
of Oreinus and Schizothorax were obtained by the Expedition 
at comparatively higher altitudes. The sizes of the specimens 
also indicate that more car mature fishes were collected from 

the higher regions. 

The fact that all (the fossil, fish remains obtained by Hr. de Term, 
are referrable to SchizKAkarax or Oremas leads one to infer that the 
beds in which they are now found may have been laid down at an 
altitude of about 6fli00 feet or fewer and that their present positiem 
On the slop® of the Hir Tanj^ is due to recent erogenic uplift 
tnovements in the Him^daya ^Sahm i^36o). This belief is further 
strengthened the fact that the fossil scales probably belong 
to S<3iizolJiOrax ourvfrons Heckel, which, at the present day is 
indigenous to the valley of Eashmir and has not been fonnd at 
an elevation highe r thsm that of the valley. In an article on the 
Karewas of Kath m ir, Sahm (1936) has stated : 

“ The foB^-beacing sedimeatB near Gulmasg, 10m many othes deposits oi 
sand and grav^ ora the liOi skpes d the Pir Panjal, were ixt dembt laid down, as 
Dr. Stewart soggests, in the bed dt a lake. Bui ^tai lake neeer edaied at &e high 
alt&mieKiuteit8hedmmom»em» ^isiige it iiu^ seem, this lake eirart lunr* 
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been sitnated several thonsand feet lower, at the sauM level as the main valley of 
Kashmir. Since the time when the plants and animals, of which the fossil remains 
are now found at 11,000 feet or even higher, flourished in and around this lake, the 
sediments have been Uped otd of thev origifutl horizonkd poaiiim and have heen 
•upheared ihron^h at fire thousand feet the {ffsologteaUy spealting) recent up- 
heaml of the Pir Panjal Battge.’'' 

The studies on the fossil fishes of the Karewas of Kashmir £0117 
bear out Sahni’s contention and afford further evidence of compac 
ratively recent erogenic nplift movements in the Himalayas., 

IV.— SUMMARY. 

Fossil fishes collected by Dr. H. de Terra from the 2nd Inters 
glacial clay in the Ksishmir valley comprise a piece of shin with 
scales, pharyngeal teeth, caudal portions of the skeleton, vertebrae 
and bits of dorsal spine. From the fepidosk and the struotuie of 
the scales, it has been possible to refer the entire material to the' 
subfamily ScMzothoraoinae (Family : Gyprinidae). The detailed 
structure of the various parts shows that the fragments are referrable 
to the genera Sekizothoraa; Heckel or Orekms McClelland. From 
the present day distribution of these genera it is concluded that the 
fossils may have been laid down at the bottom of a lake or a large,^ 
sluggish river situated at an altitude ef about 6,000 feet ; their 
present potion in the Ningal Nullah above Gulmaig at an altitude- 
©f 9,800 feet, therefore, affords evidence of recent orogenic uplift; 
movements in the Himalayas., 
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VI.— EXPLANATION OF PLATE 14. 

Fossil Fish-Remains from iJie Katewas of Kashmir, 

1^0. 1. — A portion of the sMn of specimen Ho. K40/24:I, showing lepidc^is. X 11 J 
Fig. 2. — Same as above with the stmctnie of scai^ better defined. X 111* 

Fig. 3. — ^Pharyngeal teeth (Specimen Ho. K49/242), X5f. 

Fig. 4. — Pharyngeal teeth further magnified. xl6. 

Fig. 5. — Skekton of candal r^on of a foedl fish (Specimen Ho. K40/243). Xf* 
Fig. 6. — Skeleton of candal region of Oreinus mntmima (Hecfcel) for comparts OT^ 
with figure 5. xca f. 




6. (Xcaf). 

FOSSIL FISH REMAINS FROM THE KAREWAS OF KASHMIR. 


S. C, Mm^dai., Phot&s, 
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Fossil Fish-remains from the Saline Series of North- 
Western India. By Sunder Lal Hora, D.Sc., F.R.S.E., 
F.N.I., Assistant Superintendent, Zoological Survey of 
India, Calcutta. (With Plate 15 .)* 

A large number of small fossil fist-remains were obtained by 
Mr, E. R. Gee of tbe Geological Survey of India from witliin tbe 
g3rpsiim stage^ at tbe top of tbe Saline series near Malgin (3S^ 19' 
3Cf : 71° 31' 30^), Kobat district ” (Gee, E, R. Tbe Saline Series of 
Nortb-Westem India. Cut. II, p. 461, 1934), They were 

examined by Dr, E. I. White wbo reported them to be of tbe post- 
Cretaceous type. .Tbe material was later passed to me by tbe 
Director of tbe Geological Survey of India for a detailed examina- 
tion and report. It is of a very firagmentary nature and its state 
of preservation is far from satisfactory. There is only one fairly 
complete specimen (6. S. I. Type No. 16361),^ but even in this case 
the bead region is very obscure. Taking tbe entire material into 
consideration, 4 types of fishes can be recognised. Of these one 
belongs to tbe fanuly Clupeidm^ one can be referred with some doubt 
to tbe family Dorosomidfze^ while the remaining two c^an only be 
assigned to tbe order Peramorphi. Tbe Glupeid seems to be the 
mc^t predominant form, as it is represented in tbe collection by a 
large number of fragments. A careful study of a ^ries of tiiese 
fragments has rendered it possible to determine this form specifi- 
cally ; while in tbe case of other fishes it has not been pc^ible to 
identify tihrai even genetically. In the following account I propose 
to d€«ciibe a few of the better preserved fragments and to discuss 
the probable affirdti^ of each type. 

Both tbe Herrings and the Percb^ date from the Gretaceous and 
are at the present day among tbe predominant families of tbe 
TeleosteL Tbe probable genera represented in tbe collection are 
known only from the Tertimy formations. The fisb-a^sodation, 
as represented by tbe fossal material, shows that tbe Saline series 
may have been laid down either in a lagoon^ a bay, an ^tuary or 
near & sea shore. Glupeid fishes are very gregarious and often enter 
^tuati^ in vast dioiJb. &une species aane known to breed in 

» TnMmML wfflk peoamriott ol Urn Zoo~l(^teal B-mrvej of India. 

^ refers lo tlie registered numbor of the specimeQ in the collection of the 

lexica! India. 
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estuaries, and at certain seasons very large numbers of young forms 
swarm in these areas. The preponderance of the small Clupeid 
fishes in the material thus indicates the type of habitat in which 
the Saline aeries may have been laid down. 


Order: ISOSPONDYLI. 

Family : CLUPEIDAS. 

Subfamily : CLUPEINAS. 

Oaiiea sp. nov. 

Specimen G. S. I. Type No. 16359. Bones and impressions of a 
fish preserved in a slightly ventro-lateral view. (Plate XV, fig. 4 ; 
text-fig. 1.) 



Text-to, 1 . — Glupm gmit sp. nov. OtiIHji© drawing made from an enlarged photograpli 
of specimen G. S. I* Tjp& No. 16359. X 9. 


Approximate measiarements in mUUm^res. 


ToWi Imgth 

m-2 

Length of caudal 

4‘2 

of JieiM| . 

'm 

Deptii of kidj . 

4-6 


m 

of oje 

h2 


In this qjecamen the bones and impressions of the head and the 
trank r^on are cieariy mariked while those of the caudal region are 
obmtre. The month is smaJi ax»i tamed npwards. A smafl 
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portion of the head behind the mouth is obscure, while behind this 
region the maxillary and the supplemental bones are clearly indi- 
cated. These bon^ seem to extend below the middle or the hind 
border of the orbit. The eyes are lateral and are placed almost 
in the middle of the head. The neural ^ines and ribs are clearly 
marked in the anterior region. The domal fin commences in advance 
of the ventrals and its commencement is somewhat nearer to the 
tip of the snout than to the base of the caudal. It lies folded against 
the back and about 12 rays can be counted in it. The pectoral fin is 
considerably shorter than the head and contains about 12 rays. 
The ventral fins are well developed and each consists of eight rays. 
The anal fin is obscure ; its commencement is situated behind the 
ventrals and about 8 rays can be made out in it with considerable 
difficulty. The caudal fin is bifurcate and both the lobes are 
pointed ; it is shorter than the length of the head. The impression 
of the ventral edge of the body shows that the abdominal serrations 
commence before the base of the pectoral fin and are continued to 
the commencement of the anal fin. 

Specimen G. S. I. Type No. 16360. — ^Bones of head and of anterior 
part of body preserved in lateral view (Plate XV, fig. 6 ; text-fig. 2). 



Tjsii-ira. 2. Onffinediawing made from an enlarged ptotograpb 

of ^imen G. S. I. No. 16360. x7J. 

Um form of the head and mouth, the nature of the various bones 
and the j^tion of the eye are similar to those described above for 
q>ecnnen G. S. 1. Type No. 16359, except that this specimen is not 
preserved m ventro-lateral view. The area of the neural spines 
6a o Mailed by scratcMog, but the anterior ribs are very clear* 
Speemm G. S. I, Type No. 16361. — complete specimen 
m lateral view, with the head region very obscure and the 
gx renu es o he dorsal, anal, pectoral and ventral fins not properly 
preserved. (Plate XV, fig. 6 ; text-fig. 3.) ^ i' J' 
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This specimen is about 22 mm. in total length. The vertebral 
column, which is oxit of position in the anterior part, is well- 
preserved; the neural spines and the ribs are clearly marked. The 



Teet-piq. 3. — Cbtpea geei, ap. nov. Ontlioe drawing made from an enlarged photograph 
of speciraen G. S. I. 16361. x5. 


head region is greatly crushed and the structure of its various parts 
cannot be made out. 

Affinities : Clupea geei probably represents a young stage of some 
species, but the nature of the material does not permit a close study 
of its relationships. Moreover, the young stages of all the Indian 
Clupeidae are not known. In view of this and on account of differ- 
ences in proportions, number of fin rays, etc., between C. geei and 
the already known species it has been considered advisable to recog- 
nise the Clupeid of the Saline series as a distinct species and 
to associate it with the name of Mr. E. R. Gee who discovered it. 
The fossil species appears to be similax to the young stages of HUsa 
Uisha (Ham.), the well known anadromous fish of India. For com- 
parison the figure of a young specimen of Uisha in a slightly ventro- 
lateral view is given here (text-fig. 4). 
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According to Zittel, {Text-book of Palaeontology, II, 2iid Ed. 
p. 155, London : 1932) the species of Clupea are “ Not certainly 
^own below the Upper Eocene of Monte Bolca, near Verona.” 
Fossils of the family C^jipiedae are, however, known from the 
Cretaceous period. 

Family : DOROSOMIDAE. ' 

1 Dorosoma sp. 

Specimen No. K40/627 and its counterpart specimen No. K25/528, 
(Plate XV, fig. 3). 

This is a small fish about 40 mm. in length, without the caudal, 
preserved in lateral view. The bones are obscured by the skin 
which is preserved with scales. The structure of the scales cannot 
be made out. From the nature of the snout, which is obtuse and 
seems to overhang the mouth, I doubtfully assign this specimen 
to the genus Dorosoma. The fins, with the exception of the proximal 
part of the caudal fin, are not preserved. 

Specie of Dorosoma are mud-eating fishes of the coasts and 
estuaries and one species D. manminna (Ham.) is very common 
in the estuaries of the large rivers of India. 

Order: PERCOMOEPHI. 


Specimen No. K28/240. — ^An imperfect specimen, without the head 
region, preeecved in ktacal view. (Plate XV, fig. 1, text-fig. 6.) 



TwEC-mck 6.-— ®rxmt imd tail of a POTooid fi^ (speciinen No. K28/240). x4|. 

4smi^ag, Baada fioaa mu eolaig«i ptotffgfEajph d tlso 
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This is a sinall fish about 27 mm. in total length without the 
head. The body skeleton is well preserved ; the middle portion of 
the dorsal fin is, however, missing. 

The body is short and deep. The vertebral column is composed 
of about 24 vertebrae, of which 11 to 12 are caudal. The dorsal 
fin extends ahnost along the entire length of the back ; only 4 to 5 
spines of its anterior spinous portion and about half-a-dozen soft rays 
of the posterior region are preserved. The anal fin is situated below 
the posterior part of the dorsal fin and is composed of 3 strong spines 
and a few soft rays. The caudal fin is rounded and contains about 
15 rays. The paired fins are not preserved ; there are, however, 
feint indications of their stumps. 

Affinities . — In its general facies and the nature of its dorsal and 
anal fins the specimen seems to belong to the Perciformes. The 
presence of one continuous dorsal fin with the anterior portion com- 
posed of spines, three anal spines continuous with the rest of the 
anal fin and the rounded caudal fin indicate that the fish may belong 
to the family Serranidae, Eepresentatives of Ihis family and other 
Perches are known from the Tertiary formations of Europe and 
America. 


Sp&nmen No. K28/205 and its counterpart specimen No. K28/249 
Caudal region of a small fish preserved in lateral view. (Plate XV, 
fig. 2 ; text-fig. 6.) 




IM Memris of iJm Geological Surveg of India. [ Vol. 72 • 

In this imperfect specimen only the posterior portion o£ the 
dorsal fin, containing about 12 soft rays, is preserved. The anal 
fin is short and contains 3 spines and about 5 soft rays. The first 
spine is short while the second is probably the longest. The anal 
fin is situated below the posterior part of the dorsal fin. The caudal 
fin is deeply forked, with the two lobes pointed ; it contains about 17 
rays besides a few small ones at the sides. 

Affiniiim. — ^From the very fragmentary nature of the specimen 
it is very difficult to assign it to any family. The nature of the 
anal and the caudal fins suggests that the fish may belong to the 
genus AmIxMsis Cuv. and VaL, several species of which are found 
in the seas, brackish and fresh waters of the Indo-Pacific Region. 
Like its sUied genus Apogon Lacep., Ambassis is probably not older 
than the Tertiary period of the earth’s histojy. 


EXPLANATION OF PLATE is 

Fro. 1. — Trnnk and tail region of aPercoid fish (Specimen Ho. K2S/240). X3. 

Fxa. 2, — Cb>ndal region of a Percomorph fist (Specimen Ho. K28/205). x3. 

1*10. 3. — A Qnpeoid filsh, probably belongmg to the genns Dorosoma Rafin^que. 
(Speciinan Ho. K25l5^). X 1 J. 

Pig. 4. — Ulupm geei, sp. nov. (Specimen G. S. I. Type Ho. 16359). X4|. 

Pig. 5. — Olupm geei, sp. hot. (Specimen G. S. I. Tjpe Ho. 16361). X3. 

Pig. 6 . — CImpea sp. nov. (Spedmen G. S. L Type Ho. 16360). X3. 
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COMPARISON OF THE FISH-FAUNAS OF THE NORTHERN AND 
THE SOUTHERN FACES OF THE GREAT HIMALAYAN 
RANGE. 

By Sunder Lal Hora, D.Sc., F.E.S.E., F.NJ., Assistant Superinten- 
dent, Zoological Survey of India, Calcutta. 

When Stewart^ wrote a short article under the'^ove^itlc in the 
series of reports on a collection of aquatic animals mac%by him in Tibet 
during the year 1907, he was probably not aware that Hay^ Iiad already 
compared in some detail the fish fauna of the highlands of Central Asia 
with that of the contiguous regions. In this connection Day made 
a survey of the fishes of Afghanistan, Western Turkestan, Eastern 
Turkestan, Yarkand, Tibet and Hindustan and concluded as 
follows (p. 26) : 

. “ The coneluaion, I think, we may fairly arrive at after examining the fishes of 

t Yarkand and the adjoining countries, is that we find a peculiar group of Carps (SchiKO- 
thoracinae) which has spread a,hnost clue east and ivest from the cold and elevated regions 
of Eastern TurkcHtan, hut of which the southern progrc'ss has been barred by the Hima- 
layas. ” 

“ If we look to the south, we see, as it were, that a wave of tropical forms of fishes 
has, at a prehistoric period, expanded over that portion of the globe where the Nicobars,^ 
Andamans, and the most southern portions of the continent of Asia and the islands ot 
the Malay Archipelago now are, that this fish fauna has its northward progress arrested 
hy some cause at or near where the Himalayas now exist and mark the division between 
the fish -fauna of India and that of Turkestan.” 

Stewart’s data for the comparison of the two faunas were based on 
the records of distribution of the various Indian species in Day’s volumes 
ill the “ Fauna of British India ” series and on the' species described by 
Regan® and Lloyd^ from Eastern Tibet. He found that 

“ From the northern area seventeen species of fish are at present knowm, belonging 
to the families Siluridae and Cyprinidao. From the southern area thirty-six species of 
these two families are recorded in the Fauna of Btitish h^dia. These two groups have 
only two species in common {ScUzothorax esocinns and Liptyclius maculatus).'^ (These 
two species are also the only forma from the Trans-Himalayan Indus which have not 
hitherto been found in the Trans-Himalayan Brahmaputra. Thus there are no species 
common to the latter and to the rivers of the south face of the Himalayas). Thus of 
these two families there are fifteen species confined to the northern regions, thirty-four 
to the southern, and two are found in both.” 

It may, however, be noted that while Day’s conclusions are based on 
a study of the forms occurring to the north and the south of the western 
portion of the Himalayas, Stewart’s remarks relate to the forms found in 
the eastern portion of that great range. Both these authorities are., 
however, in complete agreement that there is no similarity between the 

^ Stewart, F, H. — Com parison of the fish fauna of the north and the south faces of the 
great Himalayan range. Eec. Ind. Mns., HI, pp. 121-123 (1909). 

^ Bay, F .^ — Scientific EesuUs of the Second Yarkand Mission. Ichthyology, pp. 
1-25 (Calcutta : 1878). 

^ Began, C. Tate. — -Descriptions of five new Cyiminid fishes from Lhasa, Tibet. 
Ann. Mag. Nat. Hist., (7) XV, p. 185 (1905) j Descriptions of two new Dyprinid fishes 
from Tibet. Ibid. (7), XV, p. 300 (1905). ^ . 

^ Lloyd, B. E. — Report on the fish collected in Tibet by Capt. F. H. Stewart, 
fAec. IT, pp. 341-346 (1908). ’ - . 

® The known distributional records of Schizothorax esocinvs Heck cl and Hipiyckns 
mac^tlat%is Steind show that these species do not occur on the south face of the Hima- 
layas and are typical members of the Central Asiatic fauna* 1 , , . 



242 


Records of the Indian Museum. [Vol. XXXIX, 

fisli-fauna of tlie nortliem and tlie soutliern faces of tlio^ great Hinia- 
layan range. Tliis conclusion appears to be based mainly on the 
distributaon of the Schizothoracinaej and it is, therefore, of interest to 
examine the two faunas more closely. 

Fish of Centbal Asia and of India. 

By Central Asia ” I mean the highlands bordered on the north by 
the Tien Shan Mountains and on the south by the north face of the 
Himalayas. To the west, where the Himalayan range does not extend, 
the Hindu Kush range forms the northern boundary while the southern 
and western boundaries are iU-defined. Towards the east oi the head- 
waters of the Hwang Ho and the Yangtze Kiang form an undefined 
boundary. Within these limits are included the headwaters of the 
Jaxartes and the Oxus, the basins of the Hari Bud and the Helmund, 
the Trans-Him.alayan portions of the Indus and the Brahmaputra, the 
Tarim Basin, the basin of Lake Balkash, the Mongolian Lake Basin^ and 
Tsaidam. The fauna of this vast territory, except near the fringes 
towards the east,^ and the west,^ is composed of the Schi goth oracinae , 
of the catfishes of the genus Glyptostermim McClelland (homily : Sisor- 
idae) and of the loaches of the genus Nemachilus van Hass. (Family : 
Oobitidae). Of these three types of fishes, the genus Nemiacliilus is .the 
most widely distributed, as it is found not only throughout the Oriental 
Region, but its range extends to Africa as well. Though this genus is 
equally abundant in the northern and sputh^fn territories of the Hima- 
layas, the species of the two so different from one another 

that they can be readily d^§jbiu^ished.^ The Trans-Himalayan species 
usually grow^ to a fairly>darge size ; the body is greatly elongated and 
almost whip-like posteriorly. The skin is totally devoid of scales. The 
colour on the sides forms a mottled pattern. The species of the Indian 
region are usually small in size and possess short, stumpy bodies. Small 
scales, sometimes hidden in the skin, are usually present, while the 
body is invariably marked by a series of transverse bands.. Several 
attempts have been made to subdivide the fishes of this genus, but from 
an intensive study of extensive material from the northern and the 
southern faces of the Himalayas I have not been able to discover any 
reliable characters for separating the groups recognised as genera by 
other workers. In spite of the great difference in the appearance of the 


my account of tho Fish, of Afghanistan” {Jonrn. Bombay Nat, Hist. 
XXXVI, pp. 688-706, 1933) I gave a short review of the types of fishes found in Waziris- 
tan, Baluchistan, Seistan, Chitral ; the Pamirs and the Kashmir and in an addendum 
some further details are given on the information supplied hy Prof- L. S. Berg. It 
will be seen how, with the exception of Chitral and the Pamirs, the Central Asiatic fauna 
becomes less marked as we move away from the central zone. 

^ In the lists of Chinese fishes given by Professor Tamezo Mori in tiis recent work 
entitled Studies on the Geographical Distribution of Fresh water Fishes in Eastern 
Asia ” (Chosen : 1936), we find that only one species of BcMzopygopsis Steindachner 
is listed from Hoang-Ho, three species of BcMzothorax Heokel, five species of* Oreinus 
MeCleUand and two species of Behizapj/gopsis from the Yangtze Kiang and two species 
of ScMzotkorax and three species of Ominus from Southern China. Ther^ is a considerable 
mixture of the Schizothoracine element with the typical Oriental forms in Szechuan, 
Yunnan and South China. 

* Hora, S. D. — ^On Fishes belonging to the family Cobitidae from Ifigh altitudes in 
Central Asia. Rec. Ind, Mus,, XXIV, pp. 63-83 (1922), 
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iiortliern and the Bouthern forms there can be no doubt regarding the 
genetic affinity of the two typevS. 

The Central Asiatic group of species can be divided ecologically 
into two categories^ (i) those that live in shallow, rapid-running waters 
and (ii) those that live in lakes. The lake-forms possess a secondarily 
developed large air-bladder in addition to the original structure enclosed 
in two, bony capsules. The free air-bladder referred to above is, in my 
opinion, a secondary acquisition developed as an adaptation to life in 
deeper waters. The form of the free air-bladder is so varied that it is 
difficult to resist the conclusion that the production of a secondary free 
air-bladder in certain species of NemacMlus has independently occurred 
again and again in different lakes of Central Asia — the presence of inter- 
mediate forms in shallow, sluggish waters lends support to this hypothesis 
Oh the southern face of the Himalayas there are no large lakes and 
even the small ones that exist are probably not of any great antiquity, 
since they do not possess any endemic faunas. The lakes of northern 
Burma, ^ however, are of considerable age, as their fish faunas are charac- 
terised by several abberant and highly interesting indigenous forms. 
In this region we get certain species of NemacMlus which have developed 
a secondary air-bladder^ but their general build is similar to that of the 
forms found in India. It may be concluded from the above that the 
Nemachili of the north and the south faces of the Himalayan range, 
though genetically identical, represent totally different races. 

There are only two species of the genus Glyptostermm>, G. reticulatum 
McClelland and G. maculatum (Regan). The latter is known from 
EuvStern Tibet, while the former is widely distributed in the upper reaches 
of the Indus, the Kabul, the Amu-Darya and the Syr-Darya Rivers. 
There is reason to believe that the two species have been produced as a 
result of isolation and segregation of a once widely distributed ancestral 
stock, A great variety of Glyptosternoid fishes is found in Siam, Yunnan, 
Burma and the Brahmaputra drainage of India^. Recently I^ have 
suggested the probable origin of the Glyptosternoid fishes from Pseud- 
echeneis-lihb ancestral forms, but whatever may be the origin of these 
interesting fishes there can be no doubt that the Trans-Himalayan 
Gh/ptostermm has its nearest allies in Siam, Yunnan, Burma and north- 
east India. Here again, though we find a close genetic similarity between 
the Himalayan and the Trans-Himalayan species, the diversity of form 
is so pronounced that the two faunas must be regarded as distinct* 

The Schizothoracinae are small-scaled Barbels with their nearest 
allies in the so-called large-scaled or moderate-scaled Barbels of the 


^ Horn, S. L, — ^Report on Fishes of the Yale hTorth India Expedition. Part 1 : 
Cobitidae. Mem. Conn. Acad., X, pp. 299-305 (1936). 

^ Annandale, JST, — ^Pish and Fisheries of the Inle Lake. Ind. Mus., XI V, ptv, 

33-64 (1918); Prashad. B. and Mukerji, L. D, Bee. Ind. Mus., XXXI, pp, 161-2^ 
(1929). 

^ Hora, 8. L. — The Value of Field Observations in the Study of Organic Evolution. 
Jmm. Bombay NaL Bm., , XXXIV, pp. 377, 378, 382 (1930). 

^ The distribution of the Glyptosternoid fishes is as follows : Oreoglams Bmith in 
Siam ; Olandoglanis Norman in Yunnan; Euchiloglanis Regan in Tonkin, China, Burma 
and the Brahmaputra drainage of India ; Exostoma Blyth (used, in its broadly accepted 
sense) in Burma and Glyptosternum McClelland in Kashmir, Turkestan and Tibet. 

8. L. — On a Ne\r Genus of Chines© Oatfishes allied to Psend&chmeAs Blyth. 

(In press.) 



244 


Records of the Indian Museum. [ VoL. XXXIX, 

Oriental and tlie Aetliiopiaii regions. Both kinds of Barbels occur in 
diverse types of habitats — from strong currents to muddy pools — and 
have consequently become differentiated into a variety of closely related 
genera, which are often very difficulty to distinguish from one another. 
The Schizothoracinae are distinguished from the Cyprininae by the 
possession of minute scales but in some cases the scales are entirely 
absent. A membranous sac or slit anterior to the anal fin, which is 
laterally bounded by a row of vertically placed scales, like eave-tiles, 
and which are continued along the base of the anal fin, is also character- 
istic of the Schizothoracinae. On the southern face of the Himalayas, 
this subfamily is represented by the genus Oreinus McClelland which is 
spread from Afghanistan along the whole Himalayan and contiguous 
ranges of hills to south-eastern China. So far as is known, these fishes 
appear to be strictly residents of rivers in the hilly regions, neither 
descending far into the plains nor occurring in the level plateaux on the 
summits of the mountains. Their mouth is armed with a special adhesive 
device which enables them to resist the rapid currents of the torrential 
streams. Though Oreinus is a well recognised morphological genus, 
there is every reason to believe that it represents only specialised mem- 
bers of the genus ScJiizothoraa:. Heckel.,^ The two genera interbreed very 
freely and in several large collections intermediate forms between 8chi~ 
zothorax and Oreinus are not uncommon. Several Himalayan rivers 
have Trans-Himalayan sources and it is along these channels that Oreinus, 
a representative of the Schizothoracinae, has probably come down 
during floods, etc., to the Himalayan rivers. No other genus of this 
subfamily is found in the small torrential streams of the Himalayas. 
Tchang^ has recently described two species of Barhm Cuvier from Yunnan, 
B. regani and B. normani in which the scales are minute and their 
general build is very much like the Schizothoracinae, except that they 
do not possess the tiled rows of scales in front of and at the sides of the 
anal fin. It thus seems likely that such species of Barbus were the 
progenitors of the Schizothoracinae. In the case of the Schizothoracinae, 
therefore, w^e have specially modified Oriental Barbels, but the differences 
between the two types of Barbels are sufficiently well marked for dis- 
tinguishing the fish faunas of the northern and the southern faces of the 
Himalayas. 

The great variety of other Catfishes and Carps that characterise the 
aquatic fauna of the southern face of the Himalayas is not at all represen- 
ted on the northern face of the range. 

Physical Factors and the Characteristic Features of the Two 

Faunas. 

^ In an account of the ' Ecology, Bionomics and Evolution of the 
Torrential Fauna it was shown that the physical factors of an environ- 
ment play a great part in the association of the fauna of a particular 


1 Hora, S. L.~-TLe Fish of Chitral. Bee, Ind, Mus., XXXVI, pp. 307-310 (1934). 
Tchang, T. L. — ^Two New Species of Barbus from Ynnnaoi. Butl. Fan Mem, 
Inst. Biology, (Zool.), VI, pp. 60,63 (1935). 

® Ho^ S. L. — Ecology, Bionomics and Evolution of the Torrential Eauna, ■with 
to the organs of attachment. Phil. Trans. Boy. Sor. London, (B), 
gCXVin, pp. 1511-282 (1930). ' ^ » w> 
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liabitat. Having shown that the fish faunas of the northern and the 
southern faces of the Himalayan range are almost totally different, 
though genetically closely related, we may enquire into the factors 
governing the habitats of the two faunas. 

Stewart {ojp, cit,) gave the following four principal physical charac- 
teristics of the Central Asiatic region : — (i) its great elevation (usually 
over 10,000 ft.) ; (ii) its very low rainfall ; (hi) sparse vegetation and 
(iv) the rapidity of flow of streams. From the point of view of the 
conditions that govern fish life, the first three factors are of little signi- 
ficance, For instance, the Schizothoracinae are not confined only to 
high altitudes but are also known from low elevations (for example 
Seistan, where Schizothorax and Schizocypris Regan occur, is situated 
in a deep depression less than 2,000 feet above sea level). It is also 
immaterial for fish life whether the water in a particular stream is derived 
from rainfall, glaciers or from sj>rings, as fishes become gradually accli- 
matised to changes in temperature. Most of the hill-stream fishes 
feed on insect larvae or aquatic vegetation (mostly slimy algae adhering 
to rocks and stones), and it is no consequence whether the terrestrial 
vegetation of the area is sparse or thick. The nature of the river bed 
and the swiftness of the current are, however, important factors. 

It is a general characteristic of the highlands of Central Asia that 
the rivers run with some rapidity in broad beds of boulders and often 
expaxid into marslies and lakelets. Further there are lakes of consider- 
able magnitude dotted all over thivS area. For an understanding of tlie 
correlation between the type of habitat and the corresponding fauna 
reference jnay be made to my account of the fish of Chitral citecl jibove. 
On the >southeni face of the Himalayas the streams are small and pre- 
cipitous and there are no iai'ge lakt‘.s. The nature of the streams is so 
torrential that very few species of fish are found above an altitude of 
about 4,000 ft. ; the greatly diversified fish-fauna of tlxis region is mainly 
restricted to valleys. On the southern face of the Himalayas, therefore, 
fishes require mechanical devices to enable them to witlistand the 
rapidity of the currents, such forms are (rurra Hamilton, Glyptothorax 
Blyth, Piseudechenew Biyth, etc., which do not grow to a large size, 
while some, like Balitom Gray, are greatly flattened. In the large rivers 
and lakes of the highlands of Central Asia the conditions of life are 
presumably not so rigorous and in consequence the rivers are stated by 
every observer to be teeming with fish life. Tlie fish grow to a fairly 
large size and are troxit-like in appearance, with the exception of Gltjpn 
tosternum which is flattened and is found clinging to rocks, etc. 

The most striking feature of the fishes of Central Asia, however, 
is the* degenerate nature of their scales,^ culminatiixg in their total 
absence in some forms. AkS in the Salmonidae, the smallness of the 
scales in the Schizothoracinae is probably due to the necessity for a 
supple integument whether in fast-swimming fishes or in those that 
live in smooth, rapid-running waters, for it must be remembered that 
whether a fish moves through water swiftly or the water glides over it 
with great fapidity the physical factors involved are the same in both 

^ Annaudale, N. and Hora, fcJ. R- -TJdc Fish uf {Scistau. Inil, XViXf, 

p. 154 (1920). 
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cases. A remarkable fea.txire of tke ScMzothoraciiiae is tbe anal slieath 
of scales. Besides these enlarged scales, there are usually somewhat 
larger scales in the scapular region, at the bases of the dorsal and ventral 
fins and along the lateral line. As the fish moves through the water, 
these are precisely the regions where, owing to protection afforded by 
the conical head, fins, and the stream-lined body of the fish, the tearing- 
away action of the current is least felt. In consequence, these scales 
do not undergo degeneration to the same extent as on the parts of tlie 
body more exposed to the currents. It seems logical, therefore, to 
assume that the whole of the fish-fauna of the highlands of Central Asia 
has been modelled to suit the peculiar conditions of the rivers of that 
region. ScJdzotJiorax^ the perfectly scaled member of the Schizothora- 
cinae, is found in lakes and in large rivers with backwaters,^ while other 
genera of the subfamily with scales in varying degree of reduction live 
in swift waters of varying rapidity. 

Along the southern face of the Himalayan range, on the other hand, 
though the streams are more torrential, we have forms with larger scales. 
In fact, the Barbus tor group, constituting the renowned ‘ Mahseers ’ 
of India, is well represented in the Himalayas and even in Garra, 
which possesses a true vacuum sucker, the body is provided with moderate- 
ly large scales. The same is true of such mountain genera as Balitora, 
Psilorhynchus McClelland, Crossochilus van Hass., etc. Even the Silu- 
roids, which live on the exposed surfaces of rocks, such as Sisor Hamilton, 
Glyptothorax, Laguvia Hora, Erethistes MiilL & Trosch., etc., have develop- 
ed wart-like, hard projections on the skin. This may seem contradictory 
to what has been stated above regarding the reduction of scales in Central 
Asiatic fishes, but in reality it is not so.^ In dealing with the physics 
of the mechanism of attachment in hiU-stream animals it was 
that though at certain velocities the resistance of a body subjected to 
a current is greatly reduced by the rounding-off of its contours, at 
otheir velocities, in some bodies, such as spheres and cylinders, the resis- 
tance is actually reduced by the roughening of the surface. Those 
who have visited the Trans-Himalayan and the Cis-Himalayan areas 
of the great range wiU bear out very fully that the nature of the flow of 
water currents in the two areas dfiBEers very considerably. It is these 
differences in the nature of the currents that accoTint for the difierent 
types of fish-fauna of the two regions. 

Obigin of the Two Faunas. 

According to Day (vide supra, p. 241) at some very early age the 
Himalayas acted as a barrier between the northern and the southern 
forms and the resulting isolation kept the two faunas very distinct. 
This is true so far as it goes and certainly at the present day the Hima- 
layan range is an effective barrier that does not permit the northern and 
the southern fish-faunas to intermingle. It has been shown above that 

1 Hora, S- L. aud Mxikerji, JD. D * — ^Pisces in Vismr'’s Jtmakorum^ Is pp. 427, 428 
(Laidm : 1935). ^ 

- Horn, S. L. — ^Ecology, Bionojaaies and Evolution of tiie Torrential Fauna, with 
special reference to the organs of attachment. FMU Tmns, Eay. Boo, Lonhdorb (B), 
OOXrni, pp. 254-256 (1930). 
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th<3 Central Asiatic Gly^tosternum and Schizotliorax have their close allies 
in Yunnan and the adjoining territories of south-eastern Asia, It seems 
reasonable, therefore, to infer that the fish-fauna of Central Asia was 
derived from an eastern stock, as have suggested in regard to the 
origin of the fish-fauna of India as a whole. The close genetic similarity 
between the two faunas is undoubtedly due to their conamon origin,! 
and the dissimilarity between them is probably due to their differentia- 
tion in different geological ages, long isolation and the resulting segrega- 
tion. Attention may here be directed to Kegan's^ hypothesis that* 
as a rule the first step in the origin of a new species is the formation 
of a community with a.nevr and restricted environment, or with new 
habits ; in other words, that some form of isolation, either localiza- 
tion or habitudinal segregation, is the condition of the development of 
a new species/’ What is true of the species is also applicable to faunas 
as a whole. The fish-fauna of Central Asia, at any rate, affords a re- 
markable instance in support of this hypothesis. 

To compare the origin of the Trans-Himalaya n and the Cis-Hima- 
layan fish-faunas it seems worth while to give a very brief account of the 
geological history of the Himalaya, but unfortunately our knowledge 
of Trans-Himalayan geology is very meagre indeed. 

There is no evidenc#to show that the Himalaya, as a great moiiutain 
range, are older than the latter part of the Eocene period Before 
that the Himalayan area formed the northern coast of Gondw^analand 
and a number of rivers flowed northward into the Tethys Sea of that 
period. The erogenic movement, which was strongly pronounced 
during the Oligocene, probably began in late Cretaceous times and 
continued throughout the Eocene and Middle Tertiary periods. TJiere 
is considerable evidence to show that it was still active during the Plio- 
c€me and the later periods. The ossiferous beds of Ngari Khorsum and 
of the Karewas of Kashmir, however, indicate that during the Pleis- 
tocene pericfd the Himalayas had already acquired the general features 
of their p‘resent-day form. The nature of the Siwajik deposits shows 
that the main drainage lines on the South face of the Himalayas date as 
far back as the Pliocene epoch and that the rivers which brought 
dowm the sands and boulders from the mountains to build up the Siwalilcs 
of the Duns and the Hundes were the direct ancestors of our modern 
Sutlej and Ganges/’ 

Prom the generalised nature of the Trans-Himalayan fish -fauna it 
may be surmised that the eastern portion of the Tibetan plateau was 
the first area to be lifted and raised above the neighbouring Chinese 
territory. The drainage of this new land "joined the then existing 
drainage of southern China and thus channels . were established for 
the Chinese forms to colonise new lands. As the crustal movements 
gradually lifted the Tibetan region, better adapted hill-stream forms 


1 Hor^, S. L. — Geograpbical Distribution of Indian Freshwater Fishes and its bear- 
ing on the Probable Land Connections between India and the Adjacent Countries. 
Curr, ScL, V, pp. S.51-356 (1937). 

2 Began, C. Tate. — Mendeliam and Dvolutipn. Nature, CXIII, p. 669 (1924). 

® For geographical and geological facts about the history of the Himalayas I am 
indebted to Burrard and Hayden’s ‘‘ A Sketch of the Geography and Geology of the 
Himalaya Mountains and Tibet ” revised by Burrard and Heron (Delhi : 1933). 
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were able to invade the higher reaches of these streams. The asso- 
ciation of the fish-fanna shows that these rivers had fairly broad 
valleys with deep beds of boulder and rapid-running currents. It has 
then to be presumed that at a certain period a localised disturbance 
caused this region to be lifted up so as to isolate the fauna of this area 
from the ancestral stock. The geographical distribution of the Schizo- 
thoracinae shows that the waters of Central Asia may have flowed at 
first towards the east, then towards the west and north before the present 
drainage pattern was established. 

'' On the basis of Ids geomorphological studies, Dr. de Terra has 
reconstructed the Tertiary drainage pattern of the western part of the 
Tibetan plateau. A number of rivers ran from west to east, one of 
them occupying the present valley of the Upper Indus. It is difficult 
to resist the conclusion that a similar pattern extended, farther north, 
the Tarim basin draining into the Hwang-ho.’’^ According to Burrard, 
Hayden and Heron^, the evidence furnished by the feeders of the Trans- 
Himalayan Brahmaputra shows that the Tsangpo formerly flowed 
through Tibet from east to west, and that of the great rivers of the world, 
the Brahmaputra furnishes the only instance of drainage flowing in a 
diametrically opposite direction to what it formerly did, though still 
occupying the same bed.” 

The Schizothoracinae are at present found in at least twelve major 
river systems and numerous closed basins adjoining ^the plateau of 
Central Asia. Glyptosternum is also found in the eastward and west- 
ward flowing rivers. Mukerji and I^ found the same species of Nemu- 
chilus in the headwaters of the Indus and the Karakash rivers. These 
facts concerning the geographical distribution of Central Asiatic fishes 
can only be explained reasonably on the assumption that after the estab- 
lishment of the typical highland fish fauna local upheavals repeatedly 
led to changes in the drainage pattern of this region and thus made 
possible the wide dispersal of these forms. 

So in the origin and distribution of the fish-fauna of Central Asia, 
the first step was the colonisation of the newly produced lands of Eastern 
Tibet, probably during the post-Eocene period, by the fauna of southern | 
; China, particularly of Yunnan. The second step was the lifting of i 
j this region, which resulted in the isolation of the fauna of the upi)er 
I reaches by the reversal of the drainage system, and finally through 
I localised orogenic movements in the region of the Tibetan trough the 
j drainage pattern was made to oscillate from time to time resulting in 
I the wide dispersal of the Central Asiatic forms within the limits of the 
^trough defined above. • ^ 

V As indicated above, the fish of the southern face of the Himalayas 
are highly specialised and appear to have spread over this region from 
the east at a somewhat later date, possibly in the late Miocene or Phocene 
periods. Of the hill-stream fishes of this region we have fossil records 
of Bagarius Bleeker, a widely distributed genus of ihe somewhat larget 


i HutcHnson, G. E.— Yale North India Expedition. Nature, CXXXIV, p. 87 (lOM). 
® Biirrard, S. G. and Hayden, H. Sketch of the Geography and Geology of the 

Himalaya M obtains and Tibet, 2nd Edition, revised by Burrard, S. G. and^eron, 
A. M. (Delhi: 1983). 

^Hora, S. Lt. and Mukerji, D* D. — ^Pisoos in Viiimr''e Karakorum I, pp.. 427-428 
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rivers of India, Burma and tlie Malay Archipelago, from the Siwalik 
formations of Nahan and the Tertiary formations of Padang in Sumatra. 
All students of Oriental fishes are familiar with the great similarity 
between the south Himalayan fish fauna and that of Burma, Siam, the 
Malay Peninsula and the Archipelago and Indo-Ohina. In another 
place I^ discussed the probable origin df the fish fauna of India and 
showed that it was derived from the eastern countries. Por the pro- 
bable mode of dispersal of fishes from east to west reference may be made 
to Gregory^ and Gregory and Gregory^ who have attempted to demon-' 
strate that in south-eastern Asia the western rivers beheaded the rivers 
on the east ; thus effecting the transference of eastern fauna towards 
the west. As the total Himalayan uplift was accomplished in three or 
more stages, every wave of orogenie movement may have affected the 
drainage pattern of that period, but, as evidenced by the distribution of 
freshwater fishes, it seems that every time the western rivers captured 
the waters of the eastern rivers. Changes in the drainage of the southern 
face of the Himalayas may also have resulted from localised disturbances. 
At any rate, it seems certain that when the South Chinese fauna began 
to spread along the southern face of the Himalayas, even the parental 
stock in China had probably already undergone considerable changes 
due to the torrential nature of the streams on the newly produced pre- 
cipitous hill-sides. 

It is thus seen that tliough the fauna of the northern and the southern 
faces of the Himalayas is derived from the same source, the Central 
Asiatic fauna, comprising comparatively less specialised forms, was 
probably differentiated at an earlier date when the parental stock wuvS 
of a generalised nature ; while that of the southern face of the Himalayas, 
comprising highly specialised forms, was produced at a later date when 
the original stock had already become fairly well adapted for life in 
torrential streams. 


Summary. 

Aitentie^y is directed to the conclusions reached by Day and Stewart 
as a tesult'^f the comparison of tlie fauna on the northern and southern 
faces of the Himalayan range. From a critical examination of the fish 
of Central Asia and of India evid<3ncc is adduced in support of the earlier 
conclusions that the two fish faunas are very distinct from each other. 
The physical factors governing fish life in Central Asia and on the south- 
ern face of the Himalayas are discussed and it is shown that the fish of 
the two regions are adapted to suit the nature of their respective streams. 
The characteristic features of the two fish faunas are examined and their 
close correlation to environmental factors is indicated. The probable 
origin of the two faunas is described and it is shown that though the 


^ Horn, S. L. — Geographical Distribution of Indian. Dreshwater Fishes and its bear- 
ing on the Frohable Land Connections between India and the Adjacent Countries. 
O'l^rr, BcL, V, pp. 351-356 (1937). 

^ Gregory, J. W. — ^The Evolution of the River System of South-Eastern Asia. 
Scottish Geog,. Mag,, XLI, pp. 129-141 (1925). ^ 

® Gregory, J. W, and Gregory C. J.'-^-The Alps of Ghinese Tibet and their Geogra- 
phical Relations.. Geog^ Joum., LXl, pp. 153-179 (1923). 
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Central Asiatic and the Indian faunas are derived from the same source 
in south-eastern Asia, especially Yunnan, the fornoer probably became 
differentiated at an earlier age when the parental stock was of a genera- 
lised nature, whereas the fauna of the southern face of the Himalayas 
was derived from a younger and more vigorous stock which had already 
become specialised in south-eastern Asia for life in torrential streams. 
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XXXVI. On a Collection op Fish prom the Rajmahal Hills, 

Santal Parganas, Bihar. 

By Sunder Lal Hora, D.Sc., F.R.S.E., F.N.I., Assistant Superintendent, 
‘Zoological Survey of India, Calcutta. 


Introduction. 

One of tie zoogeograpliical riddles in connection witli the distribution 
of Indian freshwater fishes is the occurrence of similar forms, such as 
the Homalopteridae, Silurus Linn., etc., in the south-western hills of 
Peninsular India on the one hand, and in the Eastern Himalayas, Assam 
Hills, Burma and further east and south on the other. Such character- 
istic forms have not been found to occur along the Himalayan range 
beyond the Tista river water-shed, and this fact has been explained by 
me^ recently by supposing that through a differential erogenic move- 
ment, which probably occurred late in the Miocene period or even later, 
a barrier was created between the eastern and the western Himalayan 
fishes. After this movement The new stock of specialised hill-stream 
fishes from the east, not finding means to cross the barrier, were deflected 
towards south-west along the Satpura Trend which probably at this 
period stretched across India as a pronounced range from Gujrat to the 
Assam Himalayas With a view to test this hypothesis Dr. B. Prashad, 
Director, Zoological Survey of India, at the author’s request, very 
kindly sent a party of the Zoological Survey of India under Drs. H. S. 
Rao and H. A. Hafiz in February-March, 1938, to survey the fauna of 
the Rajmahal Hills. The collection dealt with in this paper was made 
by this party both in the northern parts of the hills and on the bank of 
the Ganges at Sakrigali Ghat. 

The Rajmahal Hills stretch from Sahibganj on the Ganges to Xangal- 
banga on the Rampur Hat and consist of a succession of hills, plateaux, 
valleys and ravines, the general elevation of which varies from 500 to 
800 feet above sea-level, though some hills have an altitude of 1,500 feet 
and a few are said to rise to the height of 2,000 feet. The valley is 
drained by the river Morel or Moran, which, flowing from the north, 
has scoured out a long ravine, and by the Gumani coming from the south- 
west through the Chaparbhita pass. These rivers meet at Burhait, 
and the united stream, which is called the Gumani, flows along the 
Ghatiari pass, and thence through the plains to the Ganges ” Most 
of the collection .was made in the valleys of these rivers and their side 


. 1 Hora, S. L.-~i?ec. Ind. Mus., XXXIN, p. 255 (1937). 

® O’Malley, L. S — Bengal Bistrict Gazetteers. Santal Parganas, p. 3 (Calcutta : 

1910). 
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streams, but mention may also be made of Motijharna, a picturesque 
water-fall, wbicli was also visited by tlie party. 

At the time of the visit of the Zoological Survey party certain streams^ 
like the one near Sundarpahari, were practically dry, while the relatively 
large streams, like the Gumani river, had a shallow channel in the middle 
or on the sides meandering through the sand with only ankle-deep 
water in several parts. Streams, like the Morel, with banks had pools 
and puddles with a small trickle of water over a pebbly bed connecting 
them. The bottom of the pools, where muddy, was covered with aquatic 
vegetation and, where rocky, with Spirogyra and other algae. The 
muddy, rocky and pebbly portions occurred alternately according to the 
nature of the country over which the stream flowed. In the Gumani 
the bed consisted mostly of coarse to fine sand except in bends of the 
river where the bottom was muddy. In the Morel, though the water 
mostly flowed over a muddy bed, in places the substratum consisted 
of pebbles and shingle. 

One remarkable feature of the fish collection is the presence of a very 
large number of young specimens of practically all the species obtained 
by the party and particularly of Barilius, Brachydanio, Barbus, etc. 
From this it may safely be inferred that this is probably the breeding 
season of the fish found in the hills. 

Of the 34 species of fish obtained by the party, 16 {vide list on p. 
171), represent the common Gangetic forms. Six of these, were also 
obtained from the hill area, but all the sixteen species are widely dis- 
tributed and from a zoogeographical point of view do not call for any 
comments. The occurrence of the very young specimens of Oadusia 
chapra in the Ganges at Sakrigali Ghat shows that the fish breeds high 
up in the Ganges and that the breeding season extends at least up to 
January-Marcb . 

Of the 18 species found only in the hills, ten, viz.. Chela phulo, Esomus 
danricus, Catla catla, Aspidoparia morar^ Nandus nandus, Ophicephalus 
gachua^ Masiacemhelus armatus, Lepidocephalichthys guntea, Barbus ticto, 
Brachydanio rerio and Barilius bendelisis, are very widely distributed in 
Indian waters. Barbus cliagunio, Botia dario, Nemachilus zonatus, and 
Gagata cenia.ebm primarily north Indian forms and occur along the base of 
the Himalayas, but they have also been recorded from Orissa. Amblyceps 
mangois is found at the bases of hills from Siam, Burma, Assam Hills 
and the Himalayas as far west as the Kangra Valley and its occurrence 
in the Raj mahal Hills to the west of the Ganges is of special significance. 
Similarly Garra gotyla is essentially a Himalayan species. The most 
interesting find in the collection, however, is the presence of two speci- 
mens of Laguvia ribieroi Hora, a form described from the Eastern Hima- 
layas several years ago and so far known from a single specimen. 

Under the ecological conditions prevailing in the Raj mahal Hills 
of to-day, the presence of the typical torrential forms, which require a 
continuous flow of water over a rocky bed, was not to be expected, 
but the presence of Laguvia, Amblyceps, Garra gotyla and Botia dario 
has undoubtedly demonstrated the continuity of the fauna of the Raj- 
mahal HiUs with that of the hills of Assam. It has to be borne in mind 
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tliat tlie Eajmalial Hills of to-day are mere stumps of a once mighty 
range which probably had a great influence on the rainfall in India and 
harboured perennial torrential streams along which forms like the 
Homalopteridae, Silums, etc., migrated at a time when the Ganges did 
not flow eastwards. On this last point Holdich (vide O’Malley, op. c%t., 
p. 6) says : — 

‘‘ There was no Gangetic basin in those days, and it was probable that Rajmahal 
Hills and the hills of Assam continued the land area to the Himalayas east of Sikkim. 
Another result of this succession of earth movements w'as the formation of that great 
Indo-Gangetic depression which forms one of the natural geograiDhical divisions of India. 
The break in the connection between the Rajmahal and Assam hills, ^ which gave an 
opening for the eastward flow of the Ganges, is comparatively recent.” 

Wadia^ has shown that the change in the direction of flow of the 
Ganges probably occurred as a result of the Potwar movement during 
the Pleistocene period. 


List of Species. 


Family Clupeibae. 

1. Qad%ma chapra (Ham.)* 

Family Mastacembelibae. 

2. M nstacemhelus armatus (Lacep.) 

Family Cypbii^ibae. 

3. Chela clupeoides (BIooh)*t 

4. Chela phulo (Ham.) 

5. Barilius hendelisis Ham. 

6. Brachydanio rerio (Ham.) 

7. Rashora daniconius (Ham.)*t 

8. Bsomus danricits (Ham.) 

9. Aspidoparia morar (Ham.) 

10. Amhlypharyngodon mola (Ham.)' 

11. Barbus chagunio (Ham.) 

12. Barbus chola (Ham.)* 

13. Barbus sophore (Ham.)*j* 

14. Barbus terio (Ham.)*t 

15. Barbus ticto (Ham.) 

\e.jCatla catla (Ham.) 

LT; Cirrhina reba (Ham.)* 

18. Garra gotyla (Gray) 

19. Labeo calbasu (Ham.) 

20. Labeo genius (Ham.)* 

21. Bohiee cotio (Ham.)* 


Family Cohitibae. 

22. Botia dario (Ham.)* 

23. Lepidocephalichthys gmitea (Ham.) 

24. N emacliiliis zonatus (McClelL) 

Family Baobidae. 

25. Mystus cavasius (Ham.)* 

Family Amblycepibae. 

26. Amblyceps mangois (Ham.) 

Family Sisoeibae. 

27. Laguvia ribeiroi Hora. 

28. Gagata cenia (Ham.) 

Family Ophicephalibae. 

29. Ophicephalus gachua Ham. 

Family Ambassidae. 

30. Aynbassis haculis (Ham.)*t 

31. Ambassis nama (Ham.)* 

32. Ambassis ranga (Ham.)* 

Family Nanbidae. 

33. Nandus nandus (Ham.) 

Family Gobiibae. 

34. Qlossogohius giuris (Ham.)*t 


An asterisk (*) demotes that the species was collected from the Ganges at Sakrigali 
Ghat- An asterisk (*) and a dagger (f) denote that the species was coheoted in the 
Ganges as also in the hills. Specific names without any mark denote that the species 
were collected from the B-ajmahal Hills only- 


^ Wadia, B. H.- -Quart. Journ. Geol. Mining and Metallurgical Soc. India, IV, 
p. 96 (1932). 
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Gadusia chapra (Hamilton). 

1917. Gaclnsia c?iapra, Regan, Ann, Mag, Nat. Hist., (8), XTX, p- 307. 

31 specimens. Sakrigali Ghat, ^Santal Parganas. (Purchased from 
market.) 

The specimens of Qadusia cTiapra ran^e in length from 23 mm. to 
104 mm. in total length without the caudal. The presence of very 
young specimens in the collection shows that the species breeds in the 
river Ganges at least as high up as Sakrigali Ghat. Young specimens 




Text-pig. 1. — ^Two young stages of Gadusia cJiupra (Hamilton), 28 mm. and 34 mm. in 
length without the caudal respectively. X 2. 

of G. chapra along with a very large number of young ones of Hilsa 
ilishia were recently obtained from the River Hooghli at Nawabgunge 
near Calcutta. It seems, therefore, that both the species probably 
breed throughout their range in the Ganges and its tributary streams. 

According to Day {Fish. India, p. 640), (?. chapra occurs in “ Fresh 
waters of rivers and tanks of Sind and throughout India as far south 
as the Kistna River, hut absent from the Malabar coast and Madras ’h 

Mastacembelus armatus (Lac6p&de). 

1876. Mastacembelus armatus. Bay, Fish. India, p. 340, pi. Ixxiii, fig. 3. 

1 specimen. Gumani river at Burgapore, Santal Parganas. 

1 specimen. Povayal river along Bario-Banji road, Santal Parganas. 

Mastacembelus armatus is a widely distributed species ; its range 
extends from China, through Burma, to India and Ceylon. 

Chela clupeoides (Bloch). 

1878. Chela clupeoides. Bay, Fish. India, p. 602. 

17 specimens. Sakrigali Ghat, Santal Parganas. (Purchased from 
market.) 

31 specimens. Morel river at Bario, Santal Parganas. (Purchased.) 

According to Day, Chela clupeoides is found in Cutch, Jnbbulpore, 
Mysore, the Deccan, Madras Presidency, and Burma”. Its occurrence 
in the Rajmahal Hills, an intermediate area between South India and 
Burma, is of unusual interest. 
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Chela phulo (Hamilton). 

1878. Chela ^hulo. Day, Fish. India, j). 002, pi. cliii, fig. 1. 

1 specimen. Morel river near Bario, Bantal Parganas. (Purcliased.) 

Chela phulo is distributed from Assam, through. Bengal, Orissa and 
Central India, to the Deccan as far southwards as the Tamboodra and 
the Kistna rivers. 


Barilius bendelisis Hamilton. 

1878. Barilius bendelisis. Day, Fish. India, p. 590, pi. cxlviii, figs. 7, 8 and 9. 

There is a very large number of the young of Barilius collected from 
practically all over the area visited by the party. Though the very 
young ones are difficult to determine specifically, certain specimens over 
2 inches in total length can definitely be referred to B. bendelisis. The 
species is fairly widely distributed in Indian waters. 

Brachydanio rerio (Hamilton). 

1878. Danio rerio. Day, Fish. India, p. 597, pi. cli, fig. 4. 

Brachydanio rerio is represented by a large number of specimens, 
mostly immature, collected from practically all over the area visited by 
the party. According to Day, the species is found in Bengal, as low 
down the Coromandel coast as Masulipatam ’h 

Rasbora daniconius (Hamilton). 

1878. Rasbora daniconius. Day, Fish, India, p. 584, pi. cxlvi, fig, 2. 

1 specimen. Sakrigali Ghat, Santal Parganas. (Purchased from 
market.) 

1 specimen. Morel river at Bario, Santal Parganas. (Purchased.) 

Rasbora daniconius is the most widely distributed species of the genus ; 
it is found throughout India, Burma and Ceylon. 

Esomus danricus (Hamilton). 

1928. Esomus danricus, Hora & Mukcrji, Rec. Ind. Mus., XXX, p. 49. 

1 specimen. Gumani river near Dhamni, Santal Parganas. 

1 specimen. Povayal river along Bario-Banji road, Santal Parganas. 

3 specimens. Stream 2 miles from Kusma, Santal Parganas. 

1 specimen. Gumani river near Kusma, Santal Parganas. 

Esomus danricus is common in the ponds and ditches of Assam, 
Bengal, Bihar, Orissa, Central Provinces, United Provinces and the 
Punjab. It is also found in South India. 

Aspidoparia morar (Hamilton). 

1878. Aspidoparia morar. Day, Fish. India^ p. 585, pi. cxlvi, fig. 4. 

1 specimen. . Gumani river near Kusma, Santal Parganas. 

Aspidoparia morar is represented in the collection by a small speci- 
men, about 27 mm. in length without the caudal. Day recorded the 
species from Sind, Punjab, Continent of India (except the Western 
coast, and localities south of the Kistna river) also Assam and Burma 
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Amblyphairyngodon mola (Hamilton). 

1878. Ambly^haryngodon moUi, l>ay, Finh, Induif p. »^r>5, pL cxxxv, iig. 4. 

1 specimen. Sakrigali Ghat, Bantal Parganas* (PurchastHt from 
market.) 

Tliere is a small specimen of Amblypharyngodon mola, about 33 nun. 
in length without the caudal, in the collection under report. Most of 
the scales have fallen oif and in other respects also the specimen is not 
in a good condition. 

A. mola is stated by Day to occur From Sind throughout India 
(except the Malabar Coast), Assam and Burma 

Barbus chagunio (Hamilton). 

1936. Bafhus cJiagunio, Hora & Mukerji, Mec, Ind. Mus., XXXVIII, p. 139. 
1 specimen. Guma,ni riYcr near I>hanini, Santal Parganas. 

Barbus chagunio is represented by a young specimen, about 51 mm. 
in length without the caudal. The species is found throughout northern 
India from Assam to the Punjab ; it is also known from Orissa. 

Barbus chola (Hamilton). 

18^^8. Barbus chola. Bay, Fish. India, p. 571, pL cxlii, fig. 4. 

1 specimen. Pool about a mile from Sakrigali Ghat, Sanial Parganas. 

Barbus chola is a widely distributed species of the Indian and Burmese 
waters ; it is represented in the collection by a single specimen about 
48 mm. in total length. 

Barbus sophore (Hamilton). 

1878. Barbus stigma. Bay, Fish. India, p. 579, pi. cxli, fig. 5. 

1916. Barbus sophore, Chaudhuri, Mem. I7id. Mus., V, p, 436. 

2 specimens- Sakrigali Ghat, Santal Parganas. (Purchase<l from 

market.) 

1 si^ecimen. Stream below Boarijore Insiicction Bungalow, Santal 
Parganas. 

6 specimens. Povayal river, Bario-Banji road, Santal Parganas. 

1 specimen. Gumani river near Bhamni, Santal Parganas. 

Barbus sophore is a very common Indian species ; it is found in 
fresh and brackish waters of India and Burma. 

Barbus terio (Hamilton). 

1878. Barbus terio. Bay, Fish. India, p. 580, pi. cxliv, fig. 3. 

1 specimen. Pool near Sakrigali Ghat, Santal I^irganas. 

10 specimens. Povayal river, BarioTBanji j*oad, Santal Pargamxs. 

1 specimen. Morel river near Bario, Santal l^arganas. 

3 specimens. Tributary of More*! river west of J5ario-Burliait road, 

Santal Parganas. 

3 specimens. Bamra river near Simlong, Santal Parganas- 
5 specimens. Giimani river at Bhamni, Santal l?arg«.naH. 

30 specimens. Gumani river at Kusma, Santal PargaiiaH. 

9 specimens. A stream about 2 miles from Kunina, Santal Parganas. 

Barbus terio is a small species which is found in nortlujrn India from 
Bengal to the Punjab and also in Orissa. The sp(uduiens in the 



1938.] 


S* L. Hoea : Notes on Fishes. 


175 


collection are very young, the largest being about 30 mm. in total length. 
The most characteristic feature of the species is the presence of a fairly 
large black blotch in the middle of the side over the anal fin. In the 



young specimens under report there are no other colour markings except 
that the edges of the scales are provided with a number of fine black 
dots. 


Barbus ticto (Hamilton). 

1938. Barhus iiclOf Hora Misra, Joum. Bombay Nat. Hist Boc Xn 

p. 28. ’ 

T) Bpcciniens. Gumani rivci’ near Bliainni, Santal Parganas. 

C) specimeiiH. 3-^ovayal river, Bario-Eanji road, Santal Parganas. 

The specimens of Barbus Lido exhibit the same sexual characters 
with regard to colouration, etc., which were observed in the case of the 
Deolali examples {mde reference above). The species is distributed 
througbout India and Ceylon. 


Catla catla (Hamilton). 

1878. Catla Biichannni, Day, Buh. Indut, p. 553, j)!. cxxxiv, fig. 5, 

1 Hpecimon. Morel river near Bario, Santal Parganas. (Purchased.) 

Catla catla is represented in the collection by one young specimen. 
The range of the species extends from Burma through Assam, Bengal 
to all parts of India above the Kistna river. It has, however, been 
recently introduced in the Cauvery river. 


Cirrhina reba (Hamilton). 

1878. CirrJiina reha. Day, FM. India, p. 549, pi. exxx, fig. 3. 

2 specimens. Bakrigali Ghat, Santal Parganas. (Purchased from 
market.) 

Cirrhina reba is found throughout India, 
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Garra gotyla (Gray). 

1921. Oarm golylct, Hora, Mec, l7uL !XX1I, p. 

34 specimens. Gnmani I'ivcr near Dlianiui, h’fUital l^argaitas. 

Only recently^ it was pointed out l)y nu^ that tln^ youn^ HpiadnuniH 
of Garra, with a median prol)Ose.is on tln^. snout, whi(*Ji 1 had rcdVrnMl to 
G. lamta, in reality belonged , to (?. golyla ; this (‘xttuuhd tiu^ range of 
the latter species to the Vindhyas and ih<‘ Hatpuras. Th<‘ <‘onunon 
occurrence of the species in the Itajrnahal Hills fully (uuifirins tlu* vli^w 
that the Satpura trend may have one(» serv<>(l a.s a, liighway for tin*, 
migration of the Himalayan forms to th<‘ Whsdmrn (duits and tlunuse 
to the hills of the roninsular India an<l (Itylon. 

Oarra gotyla is known from tlie Chindwin and th(^ Irrawadi draiiuigc’i 
systems, and from along the l)ase of the 'Himalayas. It Ims now Ixhui 
recorded from several places in the Vindhyan Range. 

The largest specimen in tlu^. collection is about 75 mm. in Icmgtli 
without the caudal. Tlic prol>oscis is fairly well marked in all tluj 
examples. 

Labeo calbasu (Hamilto,n). 

1878. Labeo calbani. Day, Fish. India, p. 538, pi, cxxvi, fig. 4, 

1 si)ecimon. 8akrigali Ohat, Saiital ParganaH. ( UtirchaHCMl frotn 
market.) 

Labeo calbasu is a vddely distributed fish of the Indian and Burmese 
waters ; its range docs not extend to the south of the Kistna riv<‘x. 

Labeo gonius (Hamilton). 

1878. Labeo gonius, Day, Fish. India, p. 537, pi, cxxvii, fig. 1, 

5 spocinK'ns. Sakrigali Ghat, Santal ParganaH. (Purchases! from 
market.) 

Labeo gonius is found in Burma and throughout northern India an 
low as the Kistna river. 

Rohtee cotio (Hamilton). 

1878. Bohiee colic, Day, Fish. India, p. 587, pL cli, fig. 1. 

39 specimens. Sakrigali Ghat, Santal Parganas. (Purchasotl froni 
market.) ^ 

The specimens of RoUee cotio range in length from 31 mm. to 70 mm. 
without the caudal and are referrable to the typical form of the species. 
This is the most widely distributed species of the genus; its range 
extends from southern China through Burma to India. According to 
Day, it is not found along the Malabar Coast and in the Peninsula of 
India south of the Kistna river. 

Botia dario (Hamilton). 

1932. Botia dario, Hora, Bee. Jnd. Mua., XXXIV, p. 573. 

3 speoimens. Morel river at Barhait, Santal parganas. 

The three specimens of Botia dcM-io are 52 mm., 74 mm. and 78 mm. 
in total length respectively. In the two larger specimens the colour 

1 Hora, S. L,— ileo, Ivd. Mws„ XXXIX, pp. 347-348 (1937). 
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batida auoircb tha entire body ; sonxa of them are split into two bands 
ou the vontrai surface. In the ease of tha smaller speoirrten the band* 




Text-pig. 3. — Two specimens of Botia dario (Hamilton), showing variation in coloura- 
tion at dift'crent stages of growth, a, xl^-; 6. xl-^. 


Oil the back enclose small spaces of ground colour which may be saddle- 
shaped. Some of the markings on the dorsal surface are not continuous 
with those on the sides. The caudal fin is marked with two bands. The 
colouration of this young specimen is, therefore, difterent from Hamil- 
ton’s getOj which is regarded as a juvenile form of B, dario, 

'Botia dario has hitherto been known from Assam, and from along 
the Himalayan foot-hills in Bengal, Bihar and the United Provinces. 
It is hero recorded for the first time from a region to the west of the 
Ganges. 


Lepidocephalichthys guntea (Hamilton), 

1878. Lepidocephalichthys (juntea. Bay, Fish. India, p. 609, pi. civ, fig. 4; pi. 
edvi, fig. 12. 

7 spociinoiis. Stream bidow Motijhaima, Santal Parganas. 

4 Hpecimena. IVlorei river near Bario, Santal Parganas, 

2 Biiocimoua. {Stream below Boarijore Inspection Bungalow, Santa 1 

Parganas. 

4 specimens. Pbvayal River, Bario-Banji road, Santal Parganas. 

1 specimen. Bighi river, Bario-Banji road, Santal Parganas. 

1 specimen. Bhanji river at Bhanji, Santal Parganas. 

3 specimens. Bamra river near Simlong, Santal Parganas. 

9 spc^cimcns, (Inniani river near Bliamni, Santal Parganas. 

3 specimens. C{uini.ni river near Knsma, Santal Parganas, 

1 specimen, Kusmajharna (spring) at Knsma, Santal Parganas, 

Lepidocephalichthys guntea is found throughoxit India, except Mysore, 
Malabar Coast and to the south of the Klstna river. 

The specimens were collected from sandy or muddy places where 
the fish lay buried with the head protruding above the substratum. 
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Nemachilus zonatus (McClelland). 

1878. Nemachilus zonatus. Day, Fish, India, p, 618, pi. clvi, fig. 2. 

3 specimens. Gumani riTer near Dliamni, Santal Parganas. 

Nemachilus zonatus was described by McClelland from Upper Assam 
where it was fonnd living in ponds, but Day recorded it from Throngh- 
out the Jumna and Ganges rivers and their affluents, Sheer Bhoom, 
Assam and Orissa 



Text- 3'IG. 4. — Lateral view of a male specimen of Nemachilus zonatus (McCloliand) to 
sliow the characteristic colouration of the species. X 2. 


The specimens from the Rajmahal Hills were collected from a sandy 
substratum and agree closely with Day’s description of the species. 
On account of its very characteristic colouration, N. zonathus can be 
distinguished readily from all the other Indian species of the genus. 
The largest specimen in the collection is about 44 mm. in total length. 


Mystus cavasius (Hamilton). 

1877. Macrones cavasius, Day, Fish. India, p. 447, pi. c, fig. 1. 

6 specimens. Sakrigaii Ghat, Santal Parganas. (Purchased from 
market.) 

Mystus cavasius is a very common Indian fish and is found in Burma 
also. 


Amblyceps mangois (Hamilton). 


1933. Amhlyceps mangois, Hora, Fee. Ind. Mus., XXXV, pp. 607-621. 

15 specimens. Small pools at sides of Gumani river near Dhamni 
Santal Parganas. 

1 specimen. Morel river near Bario, Santal Parganas, 

1 specimen. Damra river near Simlong, Santal Parganas. 

1 specimen. Gumani river at Kusma, Santal Parganas. 

Only young specimens of Aynblyceps ^nangois we 2 :e collected from the 
Gumani river and some of its tributary streams ; the largest specimen 
is about 63 mm. in total length. The species, as a rule, lives at the 
bases of hills in shallow running streams among gravel and pebble, l)ut 
in the dry season it is confined to small pools into which such streams 
are usually cut up. 

The specimens from the Rajmahal Hills show precisely the same 
variations with regard to the depth of the body, the form of the caudal 
fi.n, etc., which had previously been observed by me in the examples 
collected in the Tista Valley. 

Amblyceps mangois has hitherto been known from Siam (Bua Yai, 
Chantabun ; Pak Chong, ISTakhon Rachasima ; Nakhon Srithamarat 
and Maenam Oanthaburi), North Burma (Putao Plains and Mali Hka 
river, Myitkyina District), Assam (Khasi, Aljor and Naga Hills), Eastern 
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Himalayas (Siliguri, Sevoke and rivers of Terai and Duars) and Western 
Himalayas (Gazipore and Kangra Valley) ; its occurrence in the Raj- 
malial Hills to the west of the Ganges is of special interest as it shows 
that the Assam Hills and the Rajmahal Hills must have been continuous 
at not a very remote period of earth’s history. 

Laguvia ribeiroi Hora. 

1921. Laguvia ribeiroi, Hora, JRec. Ind, 3/m 5., XXII, p. 741, pi. xxix, fig. 3. 

2 specimens. IMorel river near Bario, Santal Pargaiias. 

Laguvia ribeiroi was described from a single female specimen col- 
lected in the Khoila river, a tributary of the Tista river, and was dis- 
tinguished from the genotype — L. sJiaivi Hora, also known from the 
Tista river — ^by the position of the nostrils and the ventrals, and by the 
nature of the dorsal spine and of the chest region. Since then my 
colleagues and I have collected hundreds of specimens of L, shawi from 
tlie Sevoke and the Mahanadi rivers at the base of the Darjeeling Hima- 
layas, and have found a faintly developed adhesive apparatus on the 
chest of all of them. The position of the nostrils with reference to the 
tip of the snout and the anterior margin of the eye and also of the ventrals 



Text-fig. 5 , — Lagtivia ribeiroi Hora. 

a. Lateral view- X 2 ; h. Ventral surface of head and anterior }:>art of body. x2. 

wdth reference to the tip of the snout and the liase of the caudal fin 
have been found to be variable characters. The two species can still 
be distinguished readily by the nature of tlie dorsal spine which is strong- 
ly serrated anteriorly in L. ribeiroi and is smooth in L, shawi. In the 
former the eggs are very large as compared with those of the latter. 

The two specimens of L, ribeiroi collected in the Rajmahal Hills 
are about 29 mm. in total length. The colour pattern is bright and 
dense. The head and body are thickly covered with prominent tubercles 
on their dorsal and lateral surfaces. The tubercles were at first associat- 
ed with the sex of the specimens, but a study of a large series of speci- 
mens of L, shawi showed that these structures are sometimes equally 
well developed in both the sexes. 

Laguvia was proposed for the two Tista river species referred to 
above. A third species Pimelodus asperns McClelland^ was referred to 
this genus ; it was described by McClelland from Chusan in China, but 
later recorded by Chaudhuri^ from Upper Burma,. The occurrence of 
Laguvia in the Rajmahal Hills is of special intefifct as it shows the 

^McClelland, J. — Calcutta, Journ, Nat Hist,, IV, p. 404, pL xxiv, fig. 2 (1844), 

* Chandhtiri, B. L. — Nec, Ind, Mus,, XVI, p, 276, pi. a^xii, fig. 2 (1919). 
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probable route of dispersal of some of the Far Eastern types of fish 
that are now found in the extreme south of the Peninsula. 

Gagata cenia (Hamilton). 

1877. Oagata ccnla. Day, Fish. India,'p. 492, pi. oxv, figs. 4 and 5. 

2 specimens. Morel river at Barhait, Santal Parganas. 

According to Gagata cenia is distributed in the '' Rivers of 

Bengal and Orissa, the Jumna, Ganges, and Indus, also Burma 'b 
Two young specimens of the species were collected by the party 
from the Morel river at Barhait. 



Text-fig. 0 . — Ventral surface of head of Gagnln cenia (Hamilton) to show 

the positions of the 3 pairs of mandibular barbels. X4. 

Besides the two mandibular pairs of barbels with stiff bases there 
is also a third i)air. These are situated in the mid- ventral position 
between the bases of the inner mandibular barbels and are fleshy, and 
finger-like. All the three pairs of barbels lie in grooves, especially near 
their bases, so the median small pair is liable to be overlooked. 

Ophicephalus gachua Hamilton. 

1922. O^Mocephalus gachua, Weber & de Beaufort, Fish. Indo-Austral. ArchipeU 
IV, p. 321. 

1 specimen. Tributary of Morel river west of Bario, Santal Parganas. 

2 specimens. Gumani river near Dhamni, Santal Parganas. 

3 specimens. Povayal river along Bario-Banji road, Santa! Parganas. 

Ophicephalus gachua is one of the most widely distributed species 
of the Oriental Region. 

Ambassis baculis (Hamilton). 

1875. Amhassis baculis. Day, Fish. India, p. 61, pi. xv, fig. 1. 

1 specimen. Pool about a mile from Sakrigali Ghat, Santal Parganas. 

1 specimen. Kiver Morel at Barhait, Santal Parganas. 

According to Hay, Amhassis hacuUs is found in Burma and northern 
India, from Bengal to the Punjab including Orissa. 
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Ambassis nataa (Haixiilton). 

1875. Ambassis namay Day, Fish. India, p. 50, pi. fig. 5. 

9 specimens. Salo’igali Ghat, Santal Parganas. 

Amhassis nama is a small species ; it is found througliout India and 
Burma. 


Ambassis ranga (Hamilton). 

1875. Ambassis ranga. Day, Fish. India, p. 51, pi. xiv, fig. 6. 

2 specimens. Sakrigaii Ghat, Santal Parganas. (Purchased from 
market.) 

Ambassis ranga is distributed tbrougbout India and Burma. 

Nandus nandus (Hamilton). 

1875. Nandus marmoratus. Day, Fish. India, p. 129, pi. xxxii, fig. 1. 

2 specimens. Tank at Durgapore, Santal Parganas. 

Nandus nandus is represented by two specimens in the collection 
it ivS found throughout India and Burma in fresh and brackish waters. 

Glossogobius giuris (Hamilton). 

1870. Gohius giuris, Day, Fish. India, p. 294, pL Ixv, fig. 1, 

3 specimens. Sakrigaii Ghat, Santal Parganas. (Purchased from 

market.) 

1 specimen. Gumani river at Barhait, Santal Parganas. 

3 sijcciinens. Gumani river near Kusma, Santal Parganas. 

1 specimen. Gumani river near Dhamni, Santal Parganas. 

Glossobogius giuris is a very widely distributed species and occurs 
ill fresh and brackish waters, but according to Day, a variety of it is 
entirely confined to the sea and estuaries both along the coasts of India, 
and in the Andamans. 
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INTRODUCTION. 

Tlie fossil fish-scales described below were collected by Mr. IL 
Crooksliank, Superintending Geologist, Geological Survey of India, 
from the inter-trappean beds about | mile to the east of Deotliau 
(22° 19' : 77° 35') and about J mile to the east of Kberi (22° 22' : 
77° 29') in the Central Provinces. In bis memoir on the ‘ Geology 
of the Northern Slopes of the Satpuras between the Morand and the 
Sher Eivers ’ (1936, p. 288), he made a reference to my tentative 
■conclusions regarding the identity of some of the fish scales, hut 
later he collected much more varied material. A brief reference 
was also made to these scales by Crookshank, Sahni, and the writer 
at the General Discussion on the ‘ Age of the Deccan Trap ’ held 
at the 24:th meeting of the Indian Science Congress at Hyderabad 
in 1937. In the following account the various types of scales are 
'dgseribed and their probable relationships , elucidated. Oppor- 
tumty.4ia8 also been taken to describe some other infra- and inter- 

* FiiUislied witli the pormission of the Director, Zoological Survey of India. 
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trappean fisli-material in tlie collection of tte Geological Survey of 
liidia wHcK tad not previously "been studied by any specialist. 

For tte arrangement of tte material I bave followed Jordaii’s 
(1923) system of classification. Tlte evidence furnislied by ttose 
fist-remains in regard to tte age of tte beds and tte ecological 
conditions under wtict tte fist lived during ttat period are discussed 
at tte end of tte paper. 

It may be indicated at tte very outset that tte study of fisli 
scales is not sufficiently advanced to enable a specific determination 
to be made of tte various types represented in tte material ; tteir 
I load relationstips are, towever, quite clear and in some cases it' 
tas even been possible to refer ttem to genera cu; to very closely 
allied forms. Tte great value of tte study of fist-scales for purposes 
of identification and classification is being more and more realised 
as the science of lepidology makes progress, for, like all otter struc- 
tures of a fist organisation, scales also vary and exhibit different 
patterns of ornamentation in various groups of fishes. Tte palmon- 
tological value of fist-scales appears to me on a par with ttat of 
fossil seeds or teeth. In fact, in most cases it should be more 
valuable than ttat of teeth or small fragments of bone. 

In determining the fossil material I tad to examine tie scales of a 
large number of living forms, and where a similarity with tire fossil 
scales was found, both tte present-day and tte fossil scales arci 
figured side by side to bring out tte full significance and stability of 
tteir characters. 

Mr. Crookstanlc tas Idndly given me tte following note con- 
cerning tte Inter-trappoan beds at Deottan and Kteri 


“ These bods vary in lithology from place to place but the chief typos at 
then arc black carhouaceoas and buff ferruginous shales. !Both tlicso varieties 
are fossiliferous and contain numerous irregular masses of- volcanic ash. At Kliori 
the fossils are fouird in calcareous shales. 

“ In both areas the Inteitoppean bed is believed to overlie the hasa\ flow of 
the Deccan trap. 


“ Other localities in the same region where fossiliforous Intcitrappcans wore 
noted are : Khuramba (22° 22' : 77° 29'), south by east of Patlai (22° 23'; 77° 33') 
and east of Napupura (22° 21' ; 77° 37'). None of these areas lias been earcfull J 
seaTciied. It is quite likely that a thorough search of them would bring to li"ht 
further fossil remains of importance. ^ 


“ As regards Deothan and Kheri the outcrops -wore carefully searched, hut no 
attempt was made to quany the fossiliferous shales as it was found that iho un- 
weathered material was not fissile and the fossils in it were, therefore, very fr.ag- 
lueuiaiy. It is p; obabic that good fossils might he obtained froui the fresh nialcxial 
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if it wore Leated and later quenclied, as tlJa would make it split along the pianos 
where the fossils occur. 

“ As well as the fish remains in these beds there are plant and insect remains, 
Cypridae, and Gastropods. These fossils have not so far proved to be of much 
interest.” 

I am very grateful to Mr. Crooksliank for the opportunity of 
examining this interesting material and for his valuable criticism 
and helpful suggestions. 

The wliole of the material dealt with in this paper is preserved 
in the collection of the Geological Survey of India- 

SYSTEMATIC DESCRIPTION- 
Superorder TELEOSTEh 
Order ISOSPONDYLI. 

Suborder CLUPEOIDEI. 

Family GLUPEJDAB. 

(Plate 17, fig. 3 ; plate 18, figs. 8, 9 and 10 ; text-figs. 1 and 2.) 

Malerial . — Specimens with transverse radii widely interrupted 
in the middle, Nos. K32/164, K32/166, K32/169, 1132/162, K40/291, 
K40/292, K40/293, 1140/294 (from Deothan) ; specimens with 
transvea-se radii complete. Nos. E32/162, K54/293 (from Deothan). 



Tkxt-mo. — ^Two types of fossil Clupooid scales. 

e» A scale (K32/159) witii transverse radii widely interrupted, XlSJ; h. A ^icalo 
(G 152) with transverse radii complete, x ca IL 
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There are a large nEmher of small, fragmentary Clupeoid scales' 
in the collection, but there is not a single complete specimen. 

Two types of scales can be readily distinguished ; (i) those ins 
which the transverse radii are widely interrupted in the middle 
(Plate 17, £g. 3 ; text-fig. la) and (ii) those in which the transverse 
radii are complete (Plate 18, figs. 8, 9 and 10 ; text-fig. 16). In; 
both cases the extremely fine cicculi are more or less transverse and 
meet the margins at right angles or somewhat obliquely. Both 
types of scales are found iu the genua Clupea Lhm. and the nature 
of the transverse radii is often utilised in distinguishing species of 
these commercially important fishes, most of which superficially 
appear to be very much alike. Weber and de Beaufort (1913, pp- 
76, 81) have figured similar scales (text-fig. 2), while Cockerell (1913;, 
p. 123) has given a good general description of both kinds. 




s. 

Text-fig. 2.— Scales of the two living species of Clupea Linn. (After Weber and do 

Beaufort). 

a. Clupea (EarenguU) finMata (C. V.). X6j 6. Clupea (Sarenguh) molucceneie 
Blkr. X 6. 

EemarJcs . — The Clupeidae comprise a great variety of marine 
forms and are found practically all over the world. A number of 
species, such as the American Shad and the Indian Hilsa, enter the 
mouths of large rivers at certain seasons and give rise to immense 
fisheries. Though some representatives of the family have been 
recorded from the Lower Cretaceous, Clupea is, according to Zittel 
(1982, p. 156), “not certainly known below the Upper Eocene of 
Monte Bolca, near Yerona”. In view of the occurrence of the 
scales of Clupea both in the Infra- and Inter-trappean beds, however 
this view may have to be reposed. 
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Suborder OSTEOGLOSSOIDEA. 

Family OSTEOGLOSSIDAE.^ 

(Plate 17, figs. 7 and 8 ; text-figs. 3 and 4.) 

Material . — Specimen ISTo. K29/631 (two pieces), and two more 
pieces (from Deotban). 

There are altogether four fragments of scales which I refer to 
the family Osteoglossidae. The scales of this family are large and 
thick and are composed of mosaic-like pieces. The largest piece 
in Mr. Crookshank’s collection (pi. 17, fig. 7) is about 16 mm. in its 
greatest length and as this fragment represents more than half of 
the scale, it may safely be presumed that the diameter of the scale 
would be about 16 mm. The small mosaic-like pieces are rhom- 
boidal ; they are approximately 3 to 4 mm. in length and 1-^ to 



Tsxr-rro. 3. — A fragment of an Osteoglossid scale (K29/631), genus Muaperia Sanders* 

X7. 

^ Jordan (1923) notes that the Osteoglossidae, the Arapaunidae and the Clupisndidae 
should perhaps be merged into one family. 
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2 mm. in ■widtli. Some of tlie pieces at one end are considerably 
larger. Tbe longer axis of eacb piece points towards the centre 
and the periphery. Each piece is marked with very fine cirouli 
which are motdliform throughout. In places where the rough, 
greyish s kin has peeled oflt, the bony portions exhibit a more or less 
vermiform sculpture (text-fig. 3). ‘ 

Remarks. — Of all the bony fishes, the Osteoglossidae are unique 
in regard to their present-day geographical distribution. The 

living members of the family are found in South America [Osteo- 
glossum (Vandelli) Cuvier and Arapaima Muller], Africa [Heterotis^ 
(Ehrenberg) Muller], Siam {Scleropages Gunther), Indo-Australian 
Archipelago (Scleropages) and Australia (Scleropages). These are 
among the largest freshwater fishes known ; the South American 
Arapaima reaches about 16 feet in length. The four living genera 
have only five species, of which two belong to Scleropages. S. 
formosus (Miill. & Schl.) is found in Sumatra, Banka and Borneo 
and has only recently been recorded from Siam (Smith 1931, p. 177) ; 
while the other species — S. leichhardti Gunther — is mainly known 
from Queensland, but on the basis of a photo it has also been record- 
ed from New Guinea (Weber & de Beaufort, 1913, p. 14). This 
remarkable discontinuous distribution of the family is more or less 
parallel to the distribution of the living Dipnoan fishes, and shows 
the great antiquity of the Osteoglossidae. 




Tbxt-etg. 4. — ^Fossil Osteoglossid scales from Sumatra. After Sanders. 

Scale of Scleropages sp. : b* Scale of Musperia radiata Sanders. 

The geological history of the family Osteoglossidae takes it back 

to the Eocene period (Zittel, 1932, p. 153). Phareodus Leidy 

^ Jordan (1919, p. 202) points out that Chipisudis Swainson should replace IleteroUs 
Ehrenberg. 
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(=Dapedoglossus Cope) is known from tke Eocene Green Kivor 
shales of Wyoming, U. S. A. ; Brychaetus A. S. Woodw. from London 
clay and Sheppey and Scteropages from the Tertiaries of Sumatra, 

In her monograph on the Tertiary freshwater fishes of Middle 
Sumatra, Sanders (1934)' has published photographs of complete 
scales of Soleropages and of her new genus Musperia. The structure 
of the scales of these two genera diSers in several respects, some of 
which are noted below. 

In Sclcropages there is a fairly large nuclear area in the centre 
(text-fig, 4«) which appears to be devoid of smaller pieces and only 
covered with moniliform striations ; the mosaic pieces are relatively 
small and more or less ovoid or squarish in outline. In Musperia, 
on the other hand, there is no clear nucleus, and the rhomboidal, 
mosaic pieces are fairly large, especially towards one end of the scale, 

A comparison of the text-figures 3 and 4 shows that the fossil 
scales obtained by Mr. Crookshank correspond with those of 
Musperia in all important respects noted above. In discussing the 
affinities of her now genus, Sanders has pointed out certain resem- 
blances between Musperia and the North American Eocene genus 
Phareodus on the one hand and with the African genus Heterotis 
on the other. It would thus appear tentatively that the original 
stock which migrated from the north to the south may have con- 
sisted of forms like Musperia, which is now extinct and whoso 
remains are known from Sumatra on the one hand and Peninsular 
India on the other. This genus was probably a descendant of 
Phareodus and in its further wanderings along two definite routes 
it gave rise to Scleropages in Siam, the Indo-Australian Archipelago 
and Australia in the south-east and to the African and South Ameri- 
can genera in the south-west. The same two routes of wanderings 
seem to have been followed by the Dipnoan fishes at an earlier period 
of the earth’s history. It may here be noted that fossil remains 
of Ceratodus Ag. are known from the Kota-Maleri beds of India 
(G. hislo'pianus Oldham) ; these beds are in the Godavari valley 
and are placed in the Upper Gondwana period. 

The Ostcoglossidae are recorded here from India for the first 
time ; and tliis is of special significance from a zoogoographical 
point of view. As indicated above, it points to a possible route of 
migration by which these large fishes may have spread from India 
to Africa and later to South America. 
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Scries OSTAEIOPHYSI. 

Order EVENTOGNATHL 
Family CJPitiNiDAE. 

(Plate 17, fig. 6 ; text-fig. 5.) 

Material . — Specimen Fo. K32/149 and its counterpart No, K132/ 
160 (from Deotfian). 

Tfiougi, tliere is only one fragment of a Cyprinid scale, its essential 
structural features are very clear. It seems to liavo been oval in 
outline, about one and a balf times as long as broad. The nuclear 
area is small and somewbat eccentric in position. The scale is 
provided witb. a large number of radii wbicb are distributed in all 
directions. Tbe circuli are very fine and compactly arranged. 



Tezi-hg. e .— a fragmeat of a fossil Cyprkoid scale (KZ2jlid). xl7. 
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Remarks , — TLe structure of tlie scale strongly suggests its very 
primitive nature and leads to its inclusion in tlie subfamily Abra- 
midinae. In tlie main, it corresponds with the scale of Leuciscus 
ceningensis Ag. from the Upper Miocene figured by Zittel (1952, 
p. 157) after Winkler, but its detailed structure and the form are 
quite different. I have not been able to assign it definitely to any 
genus, as the scales of most of the living genera have not been 
so far described. 

The Cyprinidae are at present found in great abundance in the 
fresh waters of the Old World and North America, but are totally 
absent from South America. In the fossil state they are found 
from the Lower Eocene to the Pleistocene. Most of the fossil 
genera are represented by living forms. 

Superorder ACANTHOPTERYail. 

The Acanthopterygii, which include the large group of Perches, 
are abundantly represented in the existing fauna. In the fossil 
material collected by Mr. Crookshank there are at least seven types 
of scales which can be referred to this group of fishes. According 
to Cockerell (1913, p. 143) a typical Acanthopterygian scale, 

“ is more or less quadrate, with the nucleus subapical, the basal cirouli fine 
and transverse, the basal radii strong, spreading out like a fan, and the apical area 
covered with fine dentiform structures which can be counted in rows obliquely or 
transversely, and on the margin form a series of fine teeth.’* 

From the above it will be noticed that the scales of Eoserranus 
Mslopi described by A. S. Woodward (1908) from the Lameta beds 
at Dongargaon in the Central Provinces differ from a typical 
Acanthopterygian scale in the fact tha,t they are cycloid and in 
them the basal portion, marked with welbdeveloped radii, is much 
narrower than the apical portion. Woodward’s description of the 
scale (text-fig. 6) is as follows : 

“ The scales appear to have been cycloid and rather small. As shown in the 
type specimen, their exposed sector is ornamented with fine, radiating ridges. 
Their inner face as shown in impression is marked in the covered portion with 
radiating furrows.” 

The Eoserranus-type of scale, therefore, seems to represent a 
primitive stage in the development of an Acanthopterygian scale. 
According to Cockerell {loo, cit,) : 

“ Thq toothed or ctenoid feature appears to be derived from the longitudinal 
apical circuli which become modified and segmented, the terminal segments 


INTER-TRAPPEAN FISH REMAINS. 
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especially taking the form of teeth. It is this segmented arrangemmit wliidi gives 
the apical area in Aeanthopterygians its special character, rosciml ling very much 
the arrangement of hracts in the heads of some composite ilowers. 



Test-siq. 6. — A aoalo of Eonf.nanvs Mslopi A. S. Woodw. (Fvotti the fipe spccinion, 

Ho, 9365 (J. S. I.). X Hi. 


In my prolinunary report to Mr, Ctoolrsliank I referred a large 
scale (pL 17, fig. 5, text-fig. 8) in Iris collootion to Eosemmm, bub 
a careful examination witli proper illumination has shown that it 
is not a cycloid scale. Its general outline is also diflerent from 
that of an Eosaranus scale. In fact, all the Aeanthoptcrygian 
scales in Sir. Crookshank’s collection conform to tlie general type 
noted above. There is such a great diversity of Ac-authoptcrygian 
f:5!ir:3 that it is with great diflicult 5 r, and not without hesitation, 
tha,'o I have Toferrod them to any definite genera. Their position 
in the families noted below, however, appears bo be fairly certam. 
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Order LABYRTNTHICI 
Family POLYAGANTBIDAE. 

(Plate 17, jfig. 4 ; text-fig. 76.) 

Material . — Specimen No. K32/147 (from Deotlxan), 

It is can almost complete scale (text-fig. 76), with, part of tlio 
apic^il }}ortion covered by skin. Structurally tke scale can be 





Tj3XT-riQ. 7. — A Bolyacanthid scale and an allied fossil scale (K32/14:7). 
a. I'olyaoanthid seale. XS; jb'oasil scale allied to that of the Polyaoanthida©., 

X Si- 


divided into tlireo regions, (i) spiny apical portion ; (ii) an area 
with, fine radiating striL;e between blie anneal portion and the nucleus ; 
and (iii) tlic basal area marked witli fine circular striae wMck extend 
round tlio nucleus also. There are about a dozen fine, basal radii, 
of which eight extend almost to the nucleus while the remaining 
four are sliorter. Some of the radii are interrupted in their course. 
The apical teeth are very small. 

Remarhs.—l have not been able to assign any definite generic 
position to this scale. While investigating the structure of a large 
number of freshwater Aca nth opt erygian scales I found sonic points 
of similarity between the fossil scale and that of Polyacantlms 
(K, V. H.) Cuvier and Valenciennes (text-fig. 7a), Cockerell 
(1913, j). 164) described the scale of the Labyrinthid genus Anabas 
Cuvier and found the same divisions of the scale into three areas. 
The apical area is besot with linear, spinc-like structures, of winch 
the lateral ones are often continuous at the base with the circuit. 
The apical radii are widely spaced ^nd arc about 15 in number. 


inter-trappean fish remains. 
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Tlie scale of Polyacanthus appears to be mneb. more spetiinlisod 
tban tliat of Anabas ; tbe present-day geograplviool distribnlion of 
tte two genera also shows that tbe latter is certainly a more ancient 
form. Anabas (including tbe genera S'jyirobranohus (hivicr ami 
Ctenopoma Peters) is found in south-eastern Asia and Africa, while 
Polyacanthus is only found in Ceylon, Singapore, Java, Sumatra and 
Borneo. 

So far as I am aware no fossil Labyrinthid remains have hithtirto 
been described. 


Order PERCOMORPHI. 
Series KURTXFORMES. 
Family SEEEANIDAE. 


(Plate 17, fig. 6 ; text-fig. 8.) 

AfafemZ.— Specimen No. K29/629 (from Deothan). 

The scale is represented by an impression of a part of its area. 
The entire scale must have been about 12 mm. in length and 11 mm. 



Text na. Sc-JmjproBBion of a fh.gmcnt of » Serranid *oalo (K29/629). X5. 
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im widtli. The nucleus is subapical and, though small in area, is 
clearly defined. The apical ctenoid area is also well marked, show- 
ing several rows of small, clearly defined, sharp spines. The circuli 
are very fine and compactly arranged. There are about 18 delicate 
radii, all of which start from near the nucleus and extend towards 
the periphery for a considerable distance ; some even reach the 
margin. ^ 

JiemarJcs. — In Cockerell’s (1913, p. 143) identification table of 
the Acanthopterygian scales, the following characters are noted for 
^ a Serranid scale : 

(i) Basal radii spreading. 

(ii) Basal margin not deeply lobed. 

(iii) Basal area not beset with linear, spine-like structures. 

(iv) Apical margin provided with many sharp and small teeth. 

Judged by these features, the fossil scale impression is referrable 
to the family Serranidae. Though the earliest known Serranid— 
Prelates Priem — dates from the Upper Cretaceous, numerous fossil 
representatives occur in the Tertiary formations of Europe and 
North America. I have indicated above (vide supra, p- 275) that 
Eoserranus is probably a very primitive representative of the family. 
The specimen under report possesses a highly specialised structure, 
so is probably younger than Eoserranus in the scale of geological 
history. 


Incertae Sedis. 

There are two other types of scales in the collection which, 
though quite distinct from those of the Serranidae, may be described 
in this place. 


Tvpe A. 

(Plate 18, fig. 5 ; text-fig. 9.) 

Material. — Specimen No. K40/286 (from Deothan). 

' This is a small, almost complete scale. Excluding the apical 
spines, it is almost as long as broad. The apical teeth seem to 
form a single row of about 15 teeth. A well formed tooth is about 
three times as long as broad at the base. The nucleus is well defined 
and subapical. The scale is provided with a large number . of fine 


INTER-TRAPPEAN fish remains. 
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circxilar striae, a few of wMcIi arc concenitrically arranj't-il ronml 
tlie nucleus. Tkere arc only six, well-dc.IhuHl, basal i'atlii alticli 



Text-1'10. 9 . A primitive Acanthopterygian fossil soalo (!v 40 / 28 (l). XU.'f. 


are widely spaced and seem to run almost parallel to one another. 
The lateral margins of the scale are inconiphite but in grmeral outline 
it appears to have been circular. 

I am mable to refer this scale to any Acc,,thoi.k.r.'(.i..i, tJnr 

, f“; 1>“*1 radii and the naiuro of the 

apical teeth, to scale appears to be of a aomn.mt primitivo type. 

mSI' “ of a* fhSiy 
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Tyi'e B. 

(Plate 18, fig. 0 ; text-fig. 10.) 

Material . — Spoeinien No, K40/283 (from Klicri). 

This is only a fragment of the basal portion of a huge aealo 
about O'O nini. in width.. The basal radii are delicvatc and few 
in nixnibor. The circular striae are. very line and clo.soly set. 



Text-wq. 10. — Basal part of a large, fossil, Acanthoptorygian scale (K40/283). X lOi. 

Remar'ks . — Tt is very difficult to express an opinion about the 
relationships of this fragment. It is described and figured here 
merely because it appears to represent a large scale of a very dis- 
tinct tj^pe, difiering from all the other scales in the collection. 


Family NANDJJMM.'- 
(Plate 17, fig. 2; text-fig. 11.) 

Material.— Bpe.cime.ns Nos. K29/628, 1140/287 (from Deiithan) ; 
K40/285 (from Kheri). 

These are small, subquadrate scales of the Percoid type with a 
siibapical nucleus and strong basal radii. The number of radii 
varies from scale to scale. The nuclear area is fairly largo and tlie 
radii, all of which are complete, arise at short intervals from the 
basal margin of the nucleus. The circuli are. fmc ar.d close''}’ set. 
There are several rows of short, blunt spines in the apical r<'gion. 

^ In tlie case of tlie genera included in the familv hTauiliflao, Jordan (1923, p. i‘0'1) 
romarkod that the group may require further diviiuon. By certain uut*ioritios it j.j 
now divided into the family KTandidae for Nmdvfi C. V. and' the family Prishi'.opi'iao 
for PristoUfis Jerdon, Badis Blcokcr, etc. I have followed the latter mnaigcmcut. 
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RemarTcs . — Superficially these scales appear to reaemltle tlioau 
of Anabas Cuvier {vide Cockerell lOll, p. KM), hut the inaiu diiler- 
ence lies in the disposition of the c.ircuU. lii Amhas “ the basal 
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TEXT-m. IL — A fossil and a presont-day Nandid soalo* 
a. Fossil scale (K29/628). x24; 6. Scale of Naridua nandus (Ham.)* 


X20. 


cixculi aro d6ns6, tli6 latcr^il on6S ra^tlicx widely spiiccd and tlios^ 
at the sides of the apical field strong and very far apart In the 
fossil scales they are uniformly distributed. Moreover, the ctenoid 
patch of Ambas is of a totally different nature. In comparing 
the fossil scales (text-fig. 11a) with those of the living forms I 
found a great general similarity between them and the scales of 
Nandus Cuvier and Valenciennes (text-fig. 11 b). The only differ- 
ence lies in the fact that in Nandus the basal radii are not so strong 
i-and some of them may be incomplete. 

Though the Nandidae, as restricted at the present day, are 
^ foiuid in the Great Sunda Islands, Malay Peninsula, Burma and 
i India, their close allies of the family Polycentridae are found in West 
• Africa and South America, 

So far as I am aware, no fossil remains of the families Fandidae 
and Polycentridae have been described so far. 


Panuly PSISTOLEPIDAM. 

(Plate 17, fig. 1; text-fig. 12.) 

iHotemh— Specimens Nos. K29/629, K32/167, K40/288, K40/289 
K40/290, E40/292, K40/296, K40/296 (from Deothan) ; K81/646* 
K40/284 (from Kheri). 



Part 2.] Hora : Fish Scales from Inier4rappean Beds. 2RS 

These small Porcoid scales are similar to those of the Nandidao 
described above. The nuclear area is relatively smaller. The basal 



TuxT-Fia. 12. — A fossil and two prosont-clay scalos of the family Pmtolopidao* 
a. Scale of Pmtolepis mrirgmatiia jQxdou. X8J; 6. Fossil scale (K29/629), XHt 
< 5 , Scale of Badis badis (Ham.). Xl4J* 

radii are long and converge in the nucleus. The number of radii 
varies considerably but they arc never less than 8 or more than 15. 
As a rule, all the radii are complete. 

Remarks . — There appears to be a general similarity between the 
fossil scales and those of the genera Pristolepis Jordon and Badis 
Bleoker. This similarity is more marked between the fossil scales 
and those of Pristolepis. Prom a consideration of the present-day 
distribution of the two genera, it appears probable that Pristolepisl 
is more ancient than Badis. The former is found in South India,? 
Burma, Siam, Cochin China and the Sunda Islands, whereas the?^ 
latter is confined to India and Burma. f 

So far as I am aware no fossil remains belonging to this family* 
have been described so far. 



2§4 


Records of the Gmhgiml Hwmn of fnilJa. 


Giologicat, Age oe the IivrTRa-TRAPncAr«r Bkiw amd home oiheh- 

VATtONS ON THE EGOT.OGICAL CONItfriONH <)!•’ THAT l‘KUHH». 

In a sliort prolimmary arUcIc. t (lOIiK) Iuivh alrmitly lui'llv 
expressed my vie-WwS on tlic probable a,t;(! of t.lici Drceaii t.rap in <;vi 
denced by the fossil fisli-romaias, but bolow is a (l,‘f.ail»*.d itaa- 

lysis of the main, points at issue. 

From a strati;.n:a})bii:iil point of vbnv tlui al>0V(i n'., suits may bo 
snpamariscd as follows : — 

Family Clupeidae : Gcnns C'Zi/jJOT Linn, . HpiKT Kotwm to Itucont.. 

Family Ostooglossidao : Genus i/ifspcm Tertiary. 

Sanders. 

Fa^y Cyprinidao : Genus ? Abramadinao . I/)wor J'ioeone l.o nerent. 

]?toily PoIyacantMdao : Genus ? PohjMan- Koe(>nt; no foSHils iii-evi.mitly r«* 


curdled. 

I’ertiary Hr Ueeent. 

Heefsit ; no fossils proviouHiy re- 
corder!. 

Family Pristolopidao : Genus Pristokpia liocent; no fosKils proviotwly ro- 
Jerdon. corded. 


thus C. V. 

Family Sorranidae : Genus ? Sarraniia Cuv. 
Family Nandidae : Genus Nmiiis C. V. 


Of the seven families to which Mr. Crookshnnlc’s tnatoriiil ban 
been assigned, the first two belong to tlu) Isospondyli, and fclmnv 
fore represent a very primitive sto<}k of the teleosfcoan fwlici.s. TUmi'fh 
the Clupeidae go back to the Lower Cretaceous, there is no doubt 
that the fossil fish scales referred to the family Ixilong to the giums 
Olupea, which, according to Zittcl, is not known from below the 
Upper Eocene. Eor the determination of the ago of tlm beds, liii-'. 
evidence furnished by tbe Oatooglossidae is very eoncluHivry for the 
fossil remains of this remarkable family are not known from Imlow 
the Eocene. The Cyprinidae, of which there is only one scale, 
also go back to the Eocene. The Sorranidae are known in the 
fossil state mainly from the Tertiary formations. So it would 
seem that these beds cannot possibly be older than the Lower 
Eocene. 

The present-day geographical distribution of the Folyacauthidao, 
the Nandidae and the Fristolopidae, of which no fossil remains Imd 
Htherto been described, throws some light on the upper limit of 
these beds. The Folyaeanthidne and the Nandidae are represented 
by allied forms in Tropical Africa ; in the ease of the former the 
genus Anabas Cuvier (family Anahantidae) is common to Afpicu. 
and south-eastern Asia., Of the two families, the Nandidae would 
seem to be older, as some allied forms are found in South Amorio% 
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as wull. Tho family }*riHtol(;pula(5 is corifitKHl to south-ouHtfru Asia. 
'fhoHo fiiots of (listributiion 3 Uji|g(«fc that t}us Liihyrijithiil fishos, 
wucJi as tJio Annljantiidae, PoIymaintJudaci, cfco., and tho ISI'anditlao 
'wandered over to Afric-a when tliero •vras still a land oonnoc.i.ion 
botw(!f;n India and Afrioa, Tho relative lo(;.aliHod ilistribution of 
tho IVistolepidao, on tho othor hand, sugffi'iits that tlK^so iishes 
wore probably evolved after the sovoranco of tho coimoetion between 
the t-wo adjacent land masses. Tlio conclusion whitdi may, tjmro- 1 
fore, be drawn from tho fossil records of these families is that the / 
Intor-trappean bods at Deothan and Khori wore probably laid 1 
down when tho land-bridge between India and Africa hud already! 
disappeared. 

The only other fossil fish associated with the Deccan traps were 
reported from the Lameta beds at Dongargaon by A. S. Woodward 
(1908) who described one new species of each of the following genera : 
Eoserrmus A. S. Woodw., Lepidostem Lac6pede and Pyenodus Ag.„ 
From these records he concluded that : 

“ Although the Lameta fish-remains are not very satisfactory from tho zoolo- 
gical standpoint, they are quite adequate for geological purposes. No true Percoid 
has hitherto been rocoguised in a typically Cretaceous formation in any part- of the 
world ; tho oldest member of the group, as already remarked, being ProlaUi from 
the Montian of Prance. Eosmanus must therefore be regarded as a Tertiary 
t 3 'pe of fish. Lqndoste.u3 is also typically Tertiary, differing essentially from tho 
numerous Secondary ganoids to wliioh it is rolatocl, by its highly specialised ver- 
tebrae. It ranges from the Lower Eocene to the Lower Miocene in Europe, and 
from the Eocene to the present day in North America ; but has not previously 
been found in Asia. While Eoserranus and L&pidoateus can hardly be older than 
tho beginning of tho Tertiary period, the Pycnodont, according to the European 
standard, camiot bo later than the close of the Eocene. The age of the Lameta 
fish-fauna is therefore fixed to bo between the Danian Cretaceous and the Upper 
Eocene.” 

It is worthy of special remarlc that Sir. Croobsbauk did not find 
in tlie intcr-trappean bods at Deotban and Kberi any representative 
of tbe fauna described by Woodward. Whereas Woodward des- 
cribed two Ganoids and one Teleostean fish, in Jlr. Crookshank’s 
material there axe Teleostean fishes only. I have now found te- 
maim of Clupcoid scales in the material collected by Hislop and 
other earlier workers from the various Infra and Inter-trappean 
beds of the Central Provinces. The Ganoids are a very ancient 
race, but from the beginning of the Cretaceous period their dominant 
position became more and more displaced by the Teleosteans. By 
the beginning of the Tertiary period an almost complete change 
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over of the faunas had taken place and the Ganoids wore- then 
represented only by a few forms. It may, howciver, bo not(id that 
\ Lepidosteus and Amia continued to flourish for a considorablo 
I period, as their fossil remains are recorded for the last time from 
I the Lower Miocene of Europe, They are among the few living 
genera of the Ganoid fishes. On a priori grounds it is clear that 
Woodward was dealing with a much more prunitivo fauna than 
that investigated by the present writer. Woodward’s material was 
collected by Hislop (1861, p. 196), and it seems worth while to 
enquire into the history of this collection. Hislop made the following 
observations with regard to the remains of fishes : 

“ The remains of fishes at Tikli and PahMsingha consist chiefly of detached 
scales, some being Ganoidan and other Oycloidan. In the subtrappean yellow limo- 
stone of Dongargaum, sixteen miles E. S. E. of Chikni, the impression of a fish was 
foimd about 6 inches long and 1’8 inch in the broadest part, which must have l)een 
covered, with cycloid scales, of a pattern that Sir P. G. Bgerton had never soon. 
The same locality yielded the head of a fish about 9 inches long, with a produced 
muzzle, armed with sharp sauroid teeth, and rows of smaller ones. A fragment 
of bone, with 21 of apparently the very same smaller teeth, was dug out from the 
intertrappean of Takli. According to Sir Philip, the iohthyolite most nearly allied 
to this is the Sphjrcanoim of the London clay. In the Dongargaum limestone 
there was also embedded a portion of a Ganoid fish, Lepidolua or Lepidoatevs (7) 
which is 6 inches broad, and when perfect was probably 2 feet long. This seems 
to be the species which has left so many of its scales in the intertrappean of Taldi 
and Pahadshingha. A separate vertebra of a fish from the subtrappean red clay 
of Phisdura, 8 miles E. of Chikni, measures -7 inch in diameter.” 

In tbe above passage Hislop refers t« three types of beds aud enu- 
merates the fossil fish-remains collected from each, but Woodward 
apparently dealt with only the fish-remains obtained from the 
Lameta beds at Dongargaon. If, however, the Dongargaon material 
collected by Hislop is Listed with the material from the same beds 
examined by Woodward there appear to be some inconsistencies. 
The following table illustrates my point : 


Material collected by Hislop 
and noted in tlie passage 
quoted above* 

Impression of a fisb, about 
6 inches long and 1*8 iuch 
iu the broadest part, which 
must have been covered 
with .cycloid scales. (Not 
examined by Woodtvardn) 


Specific identification by 
Woodward. 

Eoserranue Jiislopi A. S* 
Woodward. 


Material examined Iby 
Woodward* 

One fragment of trunk ; 
several specimens 
showing parts of 
head, and one showing 
scale impressions* 
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Head of a fish about 9 incbos Lepidost&us indicus A. S. Skull aud a group of 
long with a produced Woodward, (figured head-bones with scales 

muzzlo, armod with sharp by Woodward, pL i, and vertebrae, 

sauroid teetb, and rows of fig. 8). 
smaller ones. 

A portion of a Ganoid fish, Lepidosteus indicus A. S. 

Lepidotua or Lepidosteus Woodward. (Portions 
(?) which is 6 inches broad. figured by Woodward, 

pi. i, fig. 9, a-d). 

Pf/cnodus lametae A. S. One skull. 

Woodward. 

It would tlius appear that Woodward examined more specimens 
from Dongargaon than are noted to have been collected by Hislop 
in the passage quoted above. Presumably at some later date 
Hislop may have made further collections of fish-remains from the 
Dongargaon beds. 

From the snb-trappean red clay of Phisdura, Hislop obtained 
a vertebra, about >7 inch in diameter, which does not appear to 
have received the attention of any palaeontologist so far. The 
specimen is not present in the collection of the Geological Survey 
of India, so I am unable to say anything about its systematic posi- 
tion. 

From the Inter-trappoan of Tdkli and Pahdrsingha Hislop ob- 
tained detached Ganoid and cycloid types of scales. Further, a 
fragment of bone with 21 small teeth, was also obtained from the 
Intor-trappean' beds at T4kli ; unfortunately this material has not 
yet been studied by any specialist. 

Besides sonic of the Dongargaon specimens studied by Woodward 
and now preserved in the collection of the Geological Survey of India 
(Nos. 9360-08; mlc Woodward 3908, pi. I, fig. 1-6, 9 b-d, 10), there 
arc four other specimens (No. E.i/316-319) in the collection of that 
department whi<}h arc entered in the register as a donation from 
Eev. S. Hislop. The following further particulars are also noted 
against each : — 

Kl/316. Onnoid Hcalos. Intor-trappcftn Paharsingha, Nagpur, C. P. 

K 1/317. Cycloid scales. Intcr-trappeani Dongargaon, Nagpur, C. P. 

K.1/318. Cycloid scales. Inter-trappean Paluirsingha, Nagpur, C. P. 

Kl/319. Fish roc. lutor-trapiioau TAkli, Nagpur, 0. P. 

^ Mr. Crookshuiik informs me that this should bo infra -irappoan. He wrote to mo 
as follows : — 

“ Aa regards the ago of tho Dongargaon beds wo are satisfied that the Inter-trap- 
pean in our register should read infra-trappean. All accounts agree that there is ouly 
one fosHiliforoiis bo<l and that infra-liajpcan. Tho map shows tho same. The dis- 
agreement is aa to wheUier this bed should be regarded as infra-trappean of Inter-trap- 
pean age or as Lamota.” 
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The two Ganoid scales (Kl/'.UO; PI. 18, fig. 2 & 3 ; text tig. 1.1) 
are of small ske and rhombic in tndline, for tlufir wiz;*!, 



Text-xio. 13 . — A Ganoid scale {Kl/310) from tKo lator-trappoan bod at PaliarsJntrha, 

XlOi- 

they agree very closely with the scales of LepidoH&ts indiom Woodw. 
(PL 18, fig. 4 ; a loose scale from specimen 9360 of the type series). 
The Inter-trappean (possibly Lameta) cycloid scale from Dongurgaon 
(Kl/317 ; PI. IS, fig. 10) belongs to W gcims (JIujhu, and is bf the 
t}’pe in which the transverse radii arc complete. This s«;iki <jorr(!S- 
ponds with similar scales described above from tlio Inter-trapjjean 
beds at Deothan and Kheri. It may hero bo noted tliat in the 
collection of the Geological Survey of India there are two HpcHiiincma 
'of Clupeoid scales with complete transverse ra<lii (G 102, ]'l. 18, 
fig. 8 & 9; text-fig. 1 6) collected from the infra-trappea,n he<l at 
Dhamni, east of Warora, by P. Feddcn in September 1874. Tliis 
record shows that Clupea was found during the infra-trapp<ian 
period also. The second cycloid scale (Kl/318, PL 18, fig. 7 ; te.xt- 
fig. 14) from Pahdisingha appears to he a ctenoid scale of the Porooid 
type in which the apical teeth are not well preserved or arc not 
exposed. In its minute structure, it bears a close resomblunoo to 
.the scales of the family Naudidae (vide supra, p. 281), a family 
whose close allies are at the present-day found as far apart as 
south-eastern Asia, Africa and South America, thereby showing its 
great antiquity. The fourth specimen of a fish roe (Kl/319, PL 18 
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ilfC* ]), of coiuutlcmblo int^srast from tlie point of view of 

itw cx(H‘-llent wtato of ])r<'!S<u'vaiuon, is of little value for tli© deter- 
niination of tlic finli to wliicli it may have belonged. 



Trxtr-no. 14. — A Nandid scale (No. K1 /SIS) from the Inter- trajppeao bed at Paharjsingha* 

X30. 

As to tlxe fisL. bone from T4kli witlx 21 small teetli, it may be 
safe to presume, on Hislop’s testimony, that it probably belonged 
to tlio Ganoid Lepidosteus, 

In view of wliat is stated above it may now be possible to infer 
tlie relative ages of tlie various beds ; but it skould be borne in 
itiind tliat tlie iiiatcriai is not sufficient to come to any definite 
conclusion. 

Mr. Crooksliank tolls me that doubts have recently been expressed 
])y Matley on Iiislax>’s determination of the age of the Dongargaon 
beds, and has given me the following note on this point : 

“ Hislop states dclinitoly that the Dongargaon fish -remains were found in yellow 
limestone beneath the Trap, Hughc'ej,^ who subsequently the area, con- 

firms this, and it is clear from his map that the fossil £sh in question were found 
in beds underlying the Traj>, and overlying the Gondwanas. 

‘‘ Matley^ visited the area in 1919. He admitted that the fish beds underlay 
Traj:), but he ecu Id not say whether they rested on Trap, or on older rocks, as ho 
had not scon the base of the beds. It is clear, therefore, that he saw nothing in 
the field inconsistent with the views of Hlslop and Hughes. Nevertheless ho con- 
cluded that the Dongargaon beds were not Dametas, but were of Inter-trappean 
age. 

^ Mem, GeoU iSiivv, Ind,, XXil, Pt. T, (1877), pp. 89-90. 
a Sec. GcoL Burv, IntL, LIIX, Pt. 2, (1921), pp. 159-162. 


inter-trappean fish remains. 
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“In Tnnlnnff this change he did not rely on the obvious liuld ovidenco of the 
superposition of one set of beds on another. Ho relied on the lithological dissi- 
milarity of the Dongargaon beds and the Lamotas of Jubbnlporo, and t)n the fossil 
evidence obtained from the Dongargaon berls. Those contain fossil flslics said 
to be early Tertiary, BulUnus princepu and a Melania similar to those in the Deccan 
trap Inter-trappeans, and the caudal vertebrae of Titanomurns bhmjonii Lyd- 
deker, all of which he considers younger than the Lamota fossil remains of Jubbul- 
pore. 

“ As ■ the Dongargaon bods were clearly infra-trapixjan, and were at tho same 
time nriliTr e the true Lametas, and seemed to bo younger than them, Matloy ex- 
plained the occurrence as a case of infra-trappoan bods of Inter- trnppoan ago. 
While Matley may be right it is legitimate to point out that no other geologist has 
found infra-trappeon beds of Inter-trappean ago, that Saurian bones have never 
been found in undoubted Inter-trappean beds, that Melania and Bullinve have 
been found elsewhere extending down into the Cretaceous, and that tho litholo- 
l^cal evidence is of very little importance. On tho whole Hislop’s and Hughos’ 
views seem more credible than Matley’s, the more so as there is probably a big 
gap between the end of tho Gondwana and the beginning of tho Deccan trap period, 
a gap which is quite wide enough to hold fossil faunas differing as widely as those 
of the Jubbulpore Lametas and the Dongargaon beds. 

“ Assuming then that Hislop is right the fossil fish from Dongargaon are pro- 
bably older than those at Deothan and Elheri. If on the other hand Matloy is 
tight they should all be of approximately the same age.” 

It may be noted, however, that Mr. Crookshahk’s material 
was collected on the borders of Hoshangabad and Betul, 100 or 
more miles distant from Dongargaon, and that it is impossible to 
correlate the two areas exactly as they are separated by a wide area 
of unfossiliferons Deccan trap. 

Without entering into the geological merits of the controversy 
concerning the age of the beds at Dongargaon, whether infra- or 
inter-trappean, it is possible to say from a study of the fish-remains 
enumerated above that the beds at Dongargaon, associated with 
a relatively primitive fauna of two Ganoids, Olupca and one very 
primitive Serranid, must be regarded of an earlier age than the 
Inter-trappean beds at Deothan and Eheri, whence Mr. Crooksliank 
obtained such a great variety of the modem teleostean fish. It is 
true that Ganoid scales and a piece of bone of tho Lepidosteus- 
type have been found in the Inter-trappean beds at Takli and 
Kateru^ but the scales are of a relatively much smaller size than 
those of L. indicus, and would thus seem, to be of a later period when 

^ Mr. S. E. Narayan Eao discovered the remains of Lepidoakvs scales from tho 
Inter-trappean hed at Kateru, near Eajamundry, and very kindly allowed mo to sc© 
and identify the specimen for him. He proposes to publish a separate note on th® 
specimen. 
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the large deep rivers of the area had prcsuinably been replaced,, 
through the outpouring of lava, by shallow streams. 

It may be noted that when large fishes of the type of JEoserranus^ 
Lepidosteus indious and Pycnodus flourished in the Peninsula (the 
age of the infra-trappean beds at Dongargaon) the main river of the 
area may have been like a large deep river, but at the time when 
the Deothan and Kheri beds were laid down marshy conditions, 
with lakes of varying sizes in the neighbourhood of the mouth of a 
large river, had been established. The conditions then were pro- 
bably similar to those now prevailing in the lower reaches of the 
Ganges, The presence of a considerable number of Clupeoid scales 
of fairly large size clearly indicates the deltaic nature of such a river 
not very far from the beds investigated by Hislop, Fedden, and 
Crookshank. Clupeoids are mostly marine fishes, but some ascend 
into large rivers for long distances. The occurrence of the Nan- 
didae, the Pristolepidae, the Polyacanthidae and the Serranidae 
in the Inter-trappean beds at Deothan and Kheri also indicates 
the maritime nature of the area, for fishes of these families, even 
at the present day, are commonly met with in freshwater areas 
not very far removed from the sea. - The typically freshwater, 
Cyprinoids are represented by a single scale of a primitive type, butj 
it will be premature to draw any conclusions from this solitary re-i 
cord, as extensive collections of fish remains, especially of the type | 
dealt with here, have not yet been made. 

With regard to the ecological observations made above Mr. 
Crookshank lias very kindly given me the following note from a 
geological point of view : 

** Arguing from the habits of tho living fish most closely related to the fossil 
remains it seems that Deothan and Kheri, where the fossils were found, must have 
lain on tho course of some deep sluggish stream not very far from the sea. The 
geological evidence on this point is of some interest. 

“ All geologists who have worked in connection with the Deccan trap have 
remarked on the extracrdinar'ly low relief of the pre-trappoan land surface. Any 
largo river draining this wou’ 1 certainly have been deep and sluggish. The first* 
flows of traj) would probably have disturbed such a river but might not have divert- 
ed its course greatly, Tho sediments associated with the fish scales are fine cal- 
careous muds such as one would expect to find in ox-hows or other deep pools asso- 
ciated mth largo rivers of tho present day. The only unusual feature is the presence 
of volcanic lapilll. Doubtless those were introduced by a shower of volcanic ash 
immediately procoding tho lava flow which buried the pool. 

It is idle to pretend that the details of the drainage and the coastline of wes- 
tern India in pre-trappean times are known, but it is supposed that a great river /i 
whose valley is now hidden by the Deccan trap must have flowed westward towards I'j 
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'the Ambian sea somowliexe so^uth o£ the jn’cmit Karbadda vnlUy. exact 

location of such a rivor is not known, but its upper reaches nm probably r(‘prcHeiii(Hl 
by tlie Gondwana valleys of the Satpnras and of Wardha diHtrh't. lower 

reaches are entirely hidden by the Deccan trap. 

‘‘ Marine sedimentaries of late Cretaceous ago extend ti]) tlu^ Narhadda valley 
to within 100 miles of Dcothan. Nnmmulitics linuistones of l^ariHian age 
150 miles further west along the margin of tho trap in Broach and Surat., 'rhe 
Deothan fish must have lived at some time botw^eem the end i lu^ (JitdacanaiH and 
the Parisian. It is a reasonable guess, therefore, that th<‘rc wan op<‘n mi sotm^where 
between 100 and 250 miles to the west of Dcothan in early Deccan trap i.iniCB. 

“ The very meagre geological evidence therefore t<^ndB to siippori. the coiu‘In- 
sions concerning the habitat of tho Dcothan fossil fishes reached on pundy 7 a>olo- 
gical evidence,” 

In connection witli tlie ecology of tlie Deotlian and Klicri be<l.H 
attention may be directed to an observation made by Salmi (1934., 
p. 136) regarding the flora of the Intcr-trappean bed at OliJiind- 
wara, a place not very far distant from wlicrc Crookshank colioctod 
Ms material. In tte course of Ms arguments regarding tbo Eocene 
age of tbese beds be stated: 

•“ One more point seems important although Eodo himself docs not refer to ii,. 
Nepadites is not only a genus very characteristic of the ooceno period btit, unl.'ss 
these palms have changed their mode of life since then, its occurrence in tho nor- 
thern part of the Deccan indicates the existence of an estmry, during tho early 
part of the Inter-trappean period in tho proximity of Chhindwara. In iJicir valu- 
able memoir on the London Clay flora recently published Ecid and Chandk* have 
shovm that nearly all the fossil records of i\fipa-lil<c palms ‘ li(. approximately along 
the margins of the ancient Nummulitic, or Tethys, sea and its extensions’. So 
most probably a north-floving river debouched into tho great Tethys sea or into 
an arm of that sea, not far to the north of Mr. Rode’s liome ! ” 

It is thus seen that geological, palaeontological and fannistic 
evidences all point to the same conclusion, that is, an estuary must 
have existed in the neighbourhood of the infra- and Inter-trappean 
beds of the Central Provinces. 
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EXPLANATION OF PLATES. 

PLATE No. 17. 

Inter-trappecm Fish Remains. 

E!iO. 1.— A Pristotepid scale (K29/629), x20. 

Fio. 2.— A Nandid scale (K29/628). X20. 

Fia. 3, — fragment of a Olupeoid scale (K32/159). X 15* 

4*— A Labyrinthid scale (K32/147) allied to Fohjacanthvs C. V* Xl.. 

Fio. 5 . — An impression of a Serranid scale (K29/629). x3. 

Fig. 6. — ^A fragment of a Cyprinoid scale (K32/149), X7. 

Fig* 7 * — A fragment of an Osteoglossid scale (K29/631). X3. 

Fig* 8* — ^Another fragment of an Osteoglossid scale (K29/631). X3. 


PLATE 18. 

Inter-trappean Fish Remains, 

Fig. 1. — Fish roe (Kl/319) fcom the Inter-trappean of Takli. X4. 

Fig. 2. — Ganoid scale (Ell /3 16), probably of Lepidostem, from the Inter- trap j>eatL o! 

Paharsingha. X4. 

Fig. 3. — ^Another Ganoid scale from Paharsingha. X5. 

Fig. 4. — A scale of Lepidosieus indioua Woodw. (No. 9366). X4. 

Fig. 5. — ^An Aoanthopterygian scale (E140/286), Type A* X20. 

. Fig. 6- — ^Fragment of an Aoiinthopterygian scale (K4p/283),,Type B. X4* 

Fig. 7. — ^A Nandid scale (Kl/318) from the Inter- trappean of Paharsingha. Xl5. 
Fig. 8. — Scale of Clupea sp. (G 152) from the infra-trappean at Bhamni. X7. 

Fig* 9.— Impression of a scale of Clupea sp. (G 162) from the infra-trappean a* 
Bhamni. X 3. 

Fig. 10.— Scale of Qlupm sp. (ELl/Sl?) fcom the infra-trappean of Bongargaon* X7. 
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BY 
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On two small collections of Fossil Fish-remains from 
Balasore, Orissa. By Sunder Lal Hora, . D.Sc., 
F.R.S.E., F.N.I., Assistant Superintendent, Zoological 

Survey of India, Calcutta. (With Plate 13.)* 


In May 1937, Dr. M. E. Salmi, Palaeontologist, Geological Survey 
of India, handed over to me a small collection of fossil specimens 
obtained by Mr. N. H. Cour-Palais, Assistant Engineer, Bengal 
Nagpur Eailway, from a tube well boring between 100 and 200 
feet below ground level at Balasore. In sending the material Mr. 
Cour-Palais had remarked that “ similar fossils have been found in 
several other tube weUs here and even at Baripada, 40 miles from 
the sea, Mayurbhanj State Later, in September 1937, Mr. W. D. 
"West, Assistant Director, Geological Survey of India, sent more 
material of similar fish-remains, which had been presented to the 
Survey by Mr. J. G. Gilson, Secretary, Balasore Technical Schoolj 
Balasore. Mr. Gilson obtained this material from “ white sand 
deposit between 126 and 175 feet below ground level m a well at 
Soro, Balasore District ”. 

Fossil fish-remains in both the collections are of a very frag- 
mentary nature and comprise teeth of sharks and rays, bits of tail- 
spines of rays, portions of pectoral and dorsal spines of Cat-fishes 
and teeth of certain Scombrioid fishes. These remains are, however, 
fairly well preserved and indicate a Tertiary age of the beds in which 
they lay entombed. 

There is a great variety of shark teeth in the material under 
report and it has been possible to assign them to Carchariolamna 
gen. nov., Oocyrhina Ag., Scoliodon M. & H., Priodon M. & H., 
Hyprion M. & H. and Apriodon Gill. Both the teeth and tail- 
spines of rays are referred to the family Myliobatidae. The 
Siluroid remains probably belong to the genus Arius Cuv. & Val., 
but the spines are very fragmentary for any specific determination. 
Some of the Scombrioid teeth probably belong to the genus Tri- 
chiurus Linn., while in the case of 2 isolated short, rounded and 
hollow teeth it has not been possible to determine them even generi- 
cally, though they show Scombrioid afi&nities. 


* PublisLied with the permissioa of the Dipcotor, Zoological Surrey of India, 
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With the exception of Carchariohmna, all the other genera, to 
which the material has been assigned, are found in a living state 
at the present day. The new genus, as its name implies, is closely 
related to Lamna Cuvier, a genus ranging from the Upper Cre- 
taceous to the present day, but the teeth, on the characters of which 
it is based, possess delicately serrated edges. It is thus also related 
to Garcharoides Ameghino, a genus so far known only from the 
Eocene formations of South America and Australia, but can be 
readily distinguished from Ameghino’s form by its less developed 
lateral denticles, form of teeth and the nature of their serrated 
edges. Taking into consideration the known geological history of 
the various genera represented in the collections, especially of the 
genus Etfpoprion, it may be inferred that the boring at Balasore 
may have traversed the various strata as far down as the Middle 
Tertiary formations. 

Concerning the probable age of the rocks met with in the Balasore 
borings, Dr. M. R. Sahni has favoured me with the following note 
dealing with other occurrences of Tertiary rocks in borings, etc., in 
Mayurbhanj State 

" At Molia, 2 miles south of Baripada, are exposed in the bed of the Bara- 
balang river, yellowish and yeHowish-brown limestones, very rich in remains of 
Ostrea. Dr. Pilgrim who examined a few of them considered them related to certain 
Tertiary forma, namely, Ostrea mnlticostaia Deshayes, from the upper part of the 
Eocene of the Paris basin, and 0. torresi PhiUipi, from the Magellania beds of 
Patagonia, which are probably Oligocene in age. It was further thought that 
these specimens are related to an undescribed species of Osirea found in the upper 
Nari beds of Baluchistan, which are probably Oligocene in age. “ The age of these 
beds is therefore Eocene or Oligocene on this evidence (P. N. Bose, Bee. Geok 
Surv. Ind., XXXI, Pt. 3, p. 167). 

“ In the Tertiary deposits at Baripada, a boring was put down in a well at 
the traveller’s bungalow and was carried down to a depth of 163 ft. (including 
40 ft., the depth of the well). “ At a depth of 123 ft. below the surface occur 
limestones with fragment of an Ostrea (?). 

‘‘Unfortunately, the fossils yielded by the boring are generally indetermin-„ 
able. The limestone at 142 ft. from the surface is crowded with AmpMstegina. 
“Dr. Pilgrim observes : • Although it is true that AmpMstegina was very much 
more abundant in the Miocene, still it is found in the seas of today, most com-, 
monly up to a depth of 30 fathoms. But added to the testimony of the Ostrea 
{Bee. Qeol, 8%rtf. India, XXXI, Pt. 3, p. 167), it strengthens the probability that 
we are dealing with a marine deposit which is at all events as old as Miocene (©,* 
Pilgrim in P. N. Bose, Bee. Qeol. Surv. Ind., XXXIV, Pt. 1, p. 43). 

“According to this evidence, then, the beds were thought to be Miocene or 
older. “ But Dr. Tipper who re-examined these fossils has thrown doubt upon 
their identffication,. “ He considers that the specimens collected ^y Mr. P. N. Bose 
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and identified by Dr. Pilgrim are not AmpMstegina but Rotalia* This Eotalia is 
related to the recent B. orhicularie d’Orb from the Arabian Sea and is perhaps allied 
to B. beccarii, Linn. 

“ Now the genus Botalia is known from the Jurassic to the present day, hence 
it is impossible to draw any conclusion with regard to the age of the deposit (G. 
H. Tipper, Bee. Geol. JSurv. Ind.^ XXXIV, p. 135). 

ft Tlie evidence on the whole indicates that the beds are probably not so old 
as they were first thought to be. 

“Certain specimens of Osirm found in the yellowish and yellowish- brown 
limestones at Molia, were examined by Mr. Eames and identified as Ostrea (Gras- 
sostea) gajenais. This species is recorded by Vredenburg from the upper Gaj of 
N. W. India, and also from Burma. 

“ Specimens of this species from the Burma Tertiaries are all of Lower Miocene 

age*. 

“ It, therefore, appears very probable that these Baripada limestones are of 
Gaj (Lower Miocene) age (F. E. Eames, Bee. Geol. 8urv. Ind., LXXI, Pt. 2, p. 150)* 

“ The writer (M. R. Sahni, Bee. Geol. 8urv. Ind.^ LXVIII, Pt. 4, p. 419) exa- 
mined a few lamellibranch specimens collected (not in situ) from the foreshore 
at Puri and compared them with the Miocene form of Paphia gregaria (Partsch), 
thus postulating the probable undergroimd occurrence of Miocene rocks near Puri. 
The matrix infilling these specimens is identical to that in the Baripada boring,' 
previously mentioned and the Balasore boring. 

“ In conclusion I may say that, considering the fresh appearance of the Bala^* 
sore fossils and the greyish clay matrix which appear to be identical with that 
found in the Baripada boring (vide ante), the rocks met with in the Balasore boring 
arc not older than Miocene and are probably younger.’* 

The entire material is preserved in the collection of the Geological 
Survey of India (Mr. Conr-Palais’s specimens are numbered K 40/ 
276— K 40/281, and G. S. L Types 16646-16661, and Mr. Gilson’s 
K 40/311 — K 40/316). Besides the specimens actually reported upon 
in this article, there are few small bits which I have left indetermined. 
Owing to the fragmentary nature of the material and a large 
number of fossil sharks described on insufficient data, I have not 
attempted a specific determination of the majority of the fossil teeth. 
In some cases, it has not been possible even to assign a generic 
position^ 

I am grateful to Dr. A. M. Heron, Director, Geological Survey 
of India, through whose kindness I have been afforded an opportu- 
nity to report on the Balasore fossil fiish-iemains. My sincere 
thanks are also due to Dr* M. R. Sahni for his valuable note on the 
probable^ age of the. rocks, and for his suggestions. To Dr. E. I. 
White I am greatly indebted for his helpful criticism and sugges- 
tions in connection with some of my determinatianA 
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Class ELASMOBRANCHH. 

Sub-Class SELACHII. 

Order EUSELACHn. 

Family LAMNIDAE. 

Genus Cabchabiolascsta nov. 

Diagnosis. — Tbe new genus Carchariolamna (Plate 13, figs. 1-4 ; 
test-fig. 1 6) is proposed for Selachian teeth from, a boring at Bala- 
scre, having the dual characters of Lamna Cuvier (test-fig. 1 c) and 
Carcharodon Muller & Henle. It bears a close affinity with the 
Eocene genus Carcharoides Ameghino (test-fig. 1 a), from which it 
is distinguished by the less developed or totally absent lateral 
denticles, very finely serrated edges, and an almost erect and blunt 
crown. 



Text-eig. L — ^Fossil teeth of Carcharoides Ameghino, Carchariolamna gen. nov., and 
Lamna Cuvier. 

a. Carcharoides totmerratus Ameghino (after Chapman) ; 6. Carchariolamna herom 
gen. et sp. nov. ; c. Lamna sp. from the Salt Eango (after Hora). 


The teeth are solid throughout and are, therefore, referrable to 
tbe family Lamnidae and not to the Carcharinidae, in which the 
teeth are invariably hollow. 

Geno-type. — Carchariolamna herqni gen. et sp. nov. 
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Carchariolamna Tieroni gen. et sp. nov. 

(Plate 13, figs. 1-4 ; text-fig. 1 &.) 

Material. — Specimens G, S. I. Type Nos. 16646 — 16651 (six 
isolated teetli or fragments of teetli). Collected by Mr, N. H. 
Conr-Palais at Balasore. 

Description of the Holotype. — Gr. S. I. Type No. 16646, (Plate 13^ 
fig. 1 ; text-fig. 1 b), — TLe tooth, is of a moderate size and is very 
much like that of Lamna in its general facies. The base is broad 
and strong, and somewhat arched. The apical part is strong and 
erect, and tapers to the apex which is blunt. The external face 
of the crown is depressed and convex ; it is provided with a weak 
median sulcus extending for a short distance from the junction of 
the base upwards. The internal face is also depressed, but is 
concave. The lateral cusps are small, blunt, and almost incipient. 
The edges of the crown are compressed, thin and very delicately 
serrated ; the serrations do not extend to the base of the crown. 
The surface of the crown and the lateral denticles is smooth. 

Dimensions. — Total length, 18 mm. (crown, 14-4 mm. ; base, 
3‘6 mm.). Width of crown at base, not including cusps, 8*5 mm. ; 
thickness, 3*9 mm. 

Description of co-types. — The remaining specimens in the collec- 
tion vary considerably from the type, but probably these variations 
are correlated with the different positions of the respective teeth 
in the jaws. In one specimen, G. S. I. Type No. 16647, (Plate 13, 
fig. 2), 11*7 mm. in total length, the base is considerably broader 
than the height of the crown. The lateral cusps are totally absent. 
The crown is delicately serrated in its upper half, while in the basal 
portion the edge is slightly crenulated. In another specimen, 
G. S. I. Type No. 16648, (Plate 13, fig. 3), 14*8 mm. in total length, 
the base is stout and narrow ; the lateral denticles are absent and 
the edges of the crown arc serrated only in the upper half. In 
a partially damaged tooth, G. S. I. Type No. 16649, (Plate 13, 
fig. 4), 12*9 mm. in total length, the lateral edges of the crown are 
serrated throughout and there are no lateral denticles. One brciken 
tooth, G. S. I. Type No. 16650, was sectioned just above the base 
(Plate 13, fig. 4a) and it was found to be solid. In another tooth, 
G. S. I. Type No. 16G51, in which the upper half of the crown is 
damaged, the lateral edges are serrated almost to the base ; the 
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lateral denticles, tliongli minute, are present and tie Base is akin to 
tliat of tie Kolotype. 

Affinities . — ^Relying on Zittel’s (1932, p. 77) cBaracterization of 
tie various genera I referred tie above material to Carcharoides 
Amegbino, but as this genus is so far known only from the Lower 
Tertiary formations of South America and Australia, and as the 
. probability is that the Balasore rocks are younger, Dr. M. E. Sahni 
wished me to look into the identification of this material more 
closely. Unfortunately Ameghino’s (1906) original description is not 
available in Calcutta, so photographs of the 4 teeth reproduced here 
were sent to the British Museum for determination. In reply 
Dr. E. I. White, in his letter dated the 12th July, 1938, wrote as 
follows : — 

“I^om the photographs I do not believe that your specimens have anything 
to do with the genus Garcliaroides, of which both the known species have triangular 
teeth and very well developed lateral denticles. To judge from the photographs 
I should say that your specimens are the teeth of a species of Oarckarinus, in which, 
as you know, incipient lateral denticles are not infrequently developed.” 

Dr. White also directed my attention to Chapman’s paper in 
which both the known species of Carcharoides are described and 
figured. After consulting Chapman’s article (1917) and finding the 
serrations on the edges of the Balasore teeth quite different from 
those associated with the teeth of Carcharinus {=Prionodon), I sent 
the type-specimen to Dr. White with the permission of the Director, 
Geological Survey of India. After an examination of the tooth. 
Dr. 1/^te wrote as follows in his letter dated the 26th July, 1938 : — 

f - 1 must confess that I am rather puzzled by this particular tooth, as it really 
does not fit in properly with any of the forms with which I am familiar. I did 
not realise from your photographs that it was so worn, and that therefore the 
denticles might have been larger. It certainly does not seem to belong to any 
known species of Carcharinid, but, on the other hand, the form of the crown on 
the denticles is certainly different from that of the two species of Carcharoides^ 
in which the crown is always triangular, as iu true Lamnids, and the denticles are 
very large and the base correspondingly broad.” 

Eor placing the teeth correctly in either Lamnidae or Carchari- 
nidae, Dr. White suggested to me to break a tooth in half and noted 
“Lamnid teeth are solid throughout, whereas Carcharinid teeth are 
usually hoUow”. In accordance with Dr. White’s suggestion I 
sectioned one of the teeth (Plate 13, fig. 4 a) and found it to be 
soHd. Other fragments of teeth in the collection were also found 
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to be solid. I sent the section and one broken tooth to Dr. White 
with my letter of the 2nd August, 1938, in which I made the following 
observations : — 

“ In view of this (solid nature of teeth) and their general form they mdy be 
referred to the Lamnidae, but as they differ from Lamna and CarcharcMes in the 
nature of their lateral edges I think it is desirable to refer them to a new genti3< 
The other shark teeth from the same tube- well boring show Miocene affinities,' 
and as Carcharoides is definitely an Eocene genus I think it would be advisable oh 
this consideration also to keep them in a distinct genus. In several respects the 
new geuus will be intermediate between Carcharoides and Lamna, in fact it will 
indicate the evolution of the Inmwa-type and the Oxyrhina-tY^ of teeth from 
the Oar<Laroides-%y^e of teeth.” 

To this Dr. White in his letter,' dated the 8th August, 1938, 
replied that “ It does seem that the serrated teeth are solid ; indeed 
I took the liberty of cracking the one sectioned across the base to 
make certain that this part was also without a hollow 

In the above correspondence details are given of the probable 
affinities of the new genus, and the reasons why on morphological 
and stratigraphioal grounds it has been found necessary to recognise 
it as a distinct genus. In the incipient development or total absence 
of the lateral denticles the new genus corresponds with Oxyrhina 
Ag. (Plate 13, figs. 6-6, text-fig. 2), but in the latter, as in Lamna, 
the lateral edges are smooth. 

The presence of well-developed lateral denticles is a primitive 
feature in Selachian teeth {vide Snaith, 1937) and therefore it would 
appear that among the La mni dae Carcharoides, an extinct genus, 
represents the least speciahzed form. Prom Carcharoides, by the 
reduction in the size of the lateral denticles and the progressive 
reduction m the serratichs on the edges, we can derive Carchario- 
Irnnna, another extinct genus. By a further modification of the 
edges of the crown, which now became smooth, we get the two 
living genera Lamna and Oxyrhina, the former with lateral denticles 
and the latter without them. The discovery of the new genus has 
thus enabled to bridge over the gulf between Carcharoides on the 
one hand, and Lamna and Oxyrhina on the other; 

The new species of fossil sharks is associated with the' name of 
Dr. A. M, Heron, Director, G-eological Survey of India, in slight 
recognition of the manifold courtesies received by the author in his 
work on fossil material belonging to his department. 
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Gemis OxYEHiNA Agassiz. 

(Plate 13, figs. 6-6; text-fig. 2.) 

MafemZ.— Specimens Nos. K 40/276a and K 40/2766 (two isolated 
teetli). Collected by Mr. N. H. Coni-Palais at Balasore. 

Tbe two isolated teetb, whicb I have referred to OxyrJiina, are 
similar to those of Lamna but lack tbe lateral denticles. In one 
of the specimens, K 40/2766, (Plate 13, fig. 6), however, there are 
indications of minute lateral denticles. The base is broad and 
bilobed, and the cusp, which is smooth, is slightly curved inwards. 
The crown is placed vertically above the base and the apex is not 
very sharp. In general facies, these teeth, except for the smooth 
edges, correspond very closely with those of Carchariolamna. 



Test-fig. 2. — Fossil tooth of Oxyrhina Agassiz. X4. 

According to Zittel (1932, p. 77), Oxyrhina ranges jfeom the 
Cretaceous to the recent times. Two species of the genus, ,0. 
glaucus M. & H. and 0. guntheri (Murray), are known to occur in 
the seas of India at the present day. 

Family CABOEAEINIDAE. 

Genus Peionodon Muller & Henle. 

(Plate 13, figs. 7-10 ; text-fig. 3.) 

Material . — Specimens Nos. K 40/276c to K 40/276^' (eight 
isolated teeth and fragments), collected by Mr. N. H. Cour-Palais 
at Balasore), and K 40/311 (four isolated teeth), collected by Mr. 
J. G. Gilson at Scro. 
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The fishes of the genus Prionodon are the dominant sharks of 
the present day and are represented by a large number of living 
species. Numerous fossil species have been described from the 
Eoceng and later formations. 



Tbxt-wo. 3.— Two fossil teoth of Prionodon Mtiller & TTatiV x 3. 

The teeth of Prionodon are compressed, subtriangular and pro- 
vided with a single cusp, the edges of which are serrated to the 
apex. The teeth vary in form and size according to their respective 
positions in the jaws. 

Besides the material enumerated above, there are several un- 
satisfactory fragments of Prionodon teeth among the indetermined 
lot. 

Genus ScoLiODOir Miiller & Hcnle. 

(Plate 13, figs. 11-14; text-fig. 4.) 



T*tpi3CT-ptg. 4*— Ifossil tooth of ScoUodon Miillor & Hcnle. x4. 

Material. — Specimens Nos. K 40/275h — 275fe (four isolated teeth). 
Collected by Mr. N. H. Cour-Palais at Balasore. 
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Tlie font teeth referred to the genus Scoliodon possess smobth 
edges. The base is broad but not swollen. The cusp is ahnost 
erect, triangular and sharply pointed. 

Scoliodon is a widely distributed genus of the present-day sharks 
and is represented by about a dozen species. Its fossil remains 
date as far back as the Lower Eocene. 


Genus Htpoprion Muller & Henle. 

(Plate 13, fig. 15 ; text-figs. 6o, &, c.) 

Material . — Specimen No. K 40/2751 (one isolated tooth). Col- 
lected by Mr. N. H. Cour-Palais at Balasore. 

There is one, relatively small, isolated tooth in which the cusp 



Text-pig. 6. — Teeth of Hypoprion Miiller & Henle. 

a. Hossil tooth from Balasore. X 4 ; 5. Sixth upper tooth of JjT. macloti Miill. & 
Henle. X 12 ; c. Third upper tooth of same. X 10. 

Length of specimen including caudal 492 mm. 

is obhque with smooth edges except at the base where it is coarsely 
serrated on one side and crenulated on the other. Similar teeth 
are iifeuaHy characteristic of the upper dentition of Hypopridh M. k H, 
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Two living species of the genus are found in the seas of India — 
E. madoti M. & H. and H. liemidon M. & H. I have examined the 
teeth of the former and found considerable variation in regard to 
the number of dcnticulations on the two sides of the base (text-fig. 
6 6 and c). 

Tlie genus Ilypoprion dates back to the Miocene. So far as I 
am aware no earlier record of the genus is known. 


Genus Apeionodon GiU. 

(Plate 13, figs. 16-20 ; text-fig. 6.) 

Material. — Sx)ccimens Nos. K 40/275m — 275g' (five isolated teeth). 
Collected by Mr. N. H. Cour-Palais at Balasore. 

The five isolated teeth referred to the genus Aprionodon vary 
from one another in shape and size, presumably owing to their 
different positions in the jaws. They are compressed with narrow 
inwardly curved cusps which are smooth along the edges. Their 
bas(;s, where priiscrved, arc fairly broad and bilobed. The cusps 
arc lanceolate towards their terminations and are devoid of any 
ornamentation. 



Tjot-itio. 6. — Fossil tooth of Aprionodon Gill. X4. 

Among the three living species assigned by Garman (1913, 
pp. U7-119) t|j) Aprionodon the teeth are stated to be lanceolate in 
A. aculidcns (Pfipp.). Tlie range of distribution of A. aeutidem is 
given as “ Indian Ocean and Archipelago ; Eed Sea Unfortunately 
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tHere is no specimen of tlie species in tlie collection of th.e 
Indian Museum, but it seems probable that tbe fossil teetb from 
Balasore are either referrable to this species or to some other allied 
form. 

Aprionodon is known from the Tertiary formations to the recent 
times. 


Order BATOIDEI. 

Family MYLIOBATIDAE. 

Grenus Myliobatus Cuvier. 

(Plate 13, figs. 21-24 (teeth) ; figs. 25 (spine) ; text-figs. 7a, h.) 

Material : Teeth. — Specimen Nos. E 40/275r (one fragment) ; 
K 40/277a — 277d (four fragments), K 40/280 (one fragment), col- 
lected by Mr. N. H. Cour-Palais at Balasore ; and K 40/314 (five 
fragments), collected by Mr. J. G. Gilson at Soro. 



Text-itg. 7. — Mylidbatid fish-remains. 

a. fragment of isolated centre-tooth of Myliohcd^s Cuvier. X 3 j 6. Fragment 
of tail-spine. X 1^. 

Spines. — Specimen Nos. K 40/281 (a portion of a spine), col- 
lected by Mr. N. H. Cour-Palais at Balasore ; and K 40/316 (a small 
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fragment with. 3 teeth on one side only), coEected by Mr. J. G. 
Gilson at Soro. 

The Myliobatid remains are very unsatisfactory for a specific 
determination, bat there seems hardly any doubt that they belong 
to the genus Myliobatus Cuvier. AU the specimens of teeth ‘ are 
fragments of isolated centre-teeth. Though the taE-spines of the 
Myliobatid rays are of ftequent occurrence in the Tertiary rocks 
they have not been found to ezhibit any definite features of diagnostic 
value. The two fragments of taE-spines represented in the coEec- 
tions, owing to their association with undoubted Myhobatid teeth, 
possibly are referrable to the genus Myliobatus. 

Though as a family the Myliobatidae date back to the Cretaceous 
period, most of the surviving genera, such as Myliobatus Cuvier, 
Ehinoptera Muller, Aetiobatus M. & H., etc., are well represented in 
the Tertiary formations by isolated teeth and spines. 


Class PISCES. 

Sub-Class TELEOSTEI. 

Super-Order OSTARIOPHYSI. 

Order SILUEOIDEA. 

Family AMIIDAE. 

Genus Aeius Cuvier. 

(Plate 13, figs. 26-29 ; text-figs. 8a, h, c, d.) 

Material . — Specimens Nos. K 40/279 a, b (two fragments of basal 
portions of spines ; dorsal spine and left pectoral spine). Collected 
by Mr. N. H. Cour-Palais at Balasore. 

In both the fragments the preserved basal portions of the shafts 
are without any serrations, but this is not unusual even among some 
of the living members of the genus Arius, in some of which the 
serrations are present only near the terminal parts of the spines. 
From the nature of the articular surfaces of the two fragments it is 
possible to determine them as dorsal and pectoral spines respectively. 

The dorsal spine, K 40/279 a, (pi. 13, figs. 26-27 j text-fig. 8, 
a and 6) is grooved along the posterior border ; it is flattened 
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^interiorly and grooved at the proximal end. The spine is compressed 
from side to side and ornamented with faintly marked longitudinal 
ridges. 




Or. 




Text- JIG. 8. — ^Fragments of dorsal and pectoral spines of a Siluroid fish. x2. 

a. Posterior view of dorsal spine fragment ; 5. Anterior view of same ; c. Dorsal 
view of pectoral spine fragment ; d. Ventral view of same. 

A large portion of the articular head of the pectoral spine, 
K 40/279 h, (PI. 13, figs. 28-29 ; text-fig. 8, c and d) is broken ofi. 
The shaft is greatly compressed and along the ventral surface of its 
proximal portion there is a fairly deep fossa and a groove in its conti- 
nuation. The spine is devoid of any ornamentation. 

The identification of these two fragments is only provisional, as 
the fragments are rather of a generalised nature. 

The Siluroids aie among the dominant, fishes of the present day 
and date back to the Eocene period. 

Super-Order PERCOMORPHI- 
Order scombeoidea. 

Eamily TMCEIVMDAM. 

Genus Teich3X7rtjs Linnaeus.^ 

(Plate 13, figs. 30-31 ; text-fig. 9.) 

Material . — Specimens Nos. K 40/313 a, b (two isolated teeth). 
Collected by Mk, J. G. Gilson at Soro. 
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Tte teeth, are compressed, smooth and fairly large ; they are 
slightly curved. I have compared these teeth with those of Tri- 
chiurus savala Cuv. & Val. and found a close agreement between 
them. 




9. — Fossil teeth of TricMurus Linnaeus. X4. 

Dr. E. I. White also examined the two specimens and found 
that they very likely belong to Trichiurus “ but their state is such 
that I am quite certain that they are not specifically identifiable 
The Trichiuridae range feom the Eocene to the present times. 

Incertae Sedis. 

(Plate 13, figs. 32-33 ; text-fig. 10.) 

Material. — Nos. K 40/276 a, b (two isolated teeth). Collected 
by Mr. N. H. Coux-Palais at Balasore. 




a b 

Text-to. 10. — ^Apical portion of a fos0iJ,Scoinbrioid tooth., X5. 
o. Side view ; b. SUghtly tilted view to show hollow nature of- tooth. 

The two isolated teeth, to which I have not been able to assign 
any definite generic position, probably represent the apical portions 
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of some type' of Scombrioid teetb. The teeth are compressed and 
of different form and sizes. One large tooth (PI. 13, fig- 32 ; 
text-fig. 10), probably a principal tooth of the dentary or palatine, 
is fairly broad, symmetrical and bent inwards ; it gradually tapers to 
the apes. The other tooth, probably the lamiary tooth of pre- 
masilla or dentary, is narrower, somewhat asymmetrical and only 
slightly bent. Both the teeth are ornamented with fine longi- 
tuinal ridges and are hollow ; the central cavity being fairly 
wide. 

Superficially the fossil teeth appear similar to those of Sphyraena 
Artedi, but the teeth of the present-day species of the genus that I 
have examined are solid. 

Owing to a superficial resemblance of these teeth to those of 
Pristis ensidens Leidy (1877) and P. cicdmorei Chapman (1917), I 
got confused regarding their systematic position, so I sent the 
material to Dr. E. I. 'White. He foimd the two teeth described 
above as belongmg to an indeterminable genus of Scombrioid fishes ; 
while another tooth-like structure, K 40/276 c, (Plate 13, fig. 34) 
he considers as the finger from the claw of a crab. 

The modern Scombrioid fishes, as a whole, do not date back to 
an earlier period than the Eocene. 
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EXPLANATION OF PLATE. 

Fossil Fish-Bemains from Balasore. 

Figs. 1-4. — Teeth of Carchariolamna h&rcm gen. et sp. nov. X2. 

Figs. 6-6. — ^Teeth of Oxyrhina Agassiz. X 2. 

Figs. 7-10. — ^Teeth of Prionodcm Miiller & Henle. X2, 

Figs. 11-14. — ^Teeth of ScoUodon Miiller & Henle. X2. 

Fig. 16. — Tooth of Hypoprion Miiller & Henle. x2. 

Figs. 16-20. — ^Teeth of Aprionodcm Gill. X2. 

Figs. 21-24. — ^Fragments of isolated centre-teeth of Myliohaius CuTier. 

X2. 

Fig. 25. — A portion of the tail-spine of a Myliobatid fish. X 1 J. 

Fig. 26. — ^Posterior view of a dorsal spine fragment of a Siluroid fish, 
probably Antes Cuvier. X 2. 

Fig. 27. — ^Anterior view of above. X2. 

Fig. 28. — ^Ventral view of a pectoral spine fragment of a SiluToid fish, 
probably Aritis Cuvier. X 2. 

Fig. 29. — ^Dorsal view of above. x2. 

Figs. 30-31. — ^Teeth of Trichiurus Linn. X2. 

Figs. 32-33. — ^Apical portions of Scombrioid teeth. X2. 

Fig. 34. — ^Finger from the claw of a crab. X2. 
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In December 1939 my colleague. Dr. H. S. Rao, made a survey of 
the aquatic fauna of the Mahanadi river and its affluents in the Raipur 
District of the Central Provinces. The Mahanadi rises near Sihawa 
in Dhamtari Tahsil and the area surveyed by Dr. Eao comprises a part 
of the headwaters of the river. • It may be noted that the Sihawa range, 
the general altitude of wliich ranges between 2,000 to 2,500 feet, forms 
a watershed between the affluents of the Mahanadi and those of the 
Godavari. The general characteristic of the Mahanadi and its affluents 
is that the beds of these streams are wide wastes of sand, dry for more 
than half the year, and never containing much water except during sea- 
sons of high floods. At the time of Dr. Rao’s visit, therefore, most of 
the streams had either scanty flowing water or were cut up into pools 
and puddles, which were sometimes connected by a small trickle of 
water. Only in a very few instances fish were collected from rocky 
streams. It is no wonder, therefore, that the collection under report 
comprises young specimens of a large number of .pool-dwelling species. 
Incidentally, the material collected shows that most of the small fresh- 
water fishes in this part of India breed in the autumn months after 
the cessation of the monsoon. . I give below brief descriptions, based on 
Dr. Rao’s notes, of the localities from which fish were collected, and the 
lists of fishes obtained from each locality. A general account of the 
collection and the zoogeographical significance of some of the species 
represented are also given. 

Descriptions of Locaeities with lists op fishes collected from 

, EACH. 

BoTcori Nallah, about 3 miles North-East of KusumJehunta. 7.xii.l939. 

It is a small stream broken up into pools of depths varying from 
2 to 5 feet, with sandy bottom which, in parts, is strewn with large stones 
over which there is a slight trickle of water. Weeds of various types, 
and algae occur in abundance. 

mm. Specimens. 

Brachydanio r&rio (Ham.) - . . . . . 15 — 24 9 

Bashora danicojiius (Ham.) . . , . . . 41—4^ . 3 

Barbus {Funtius) ticto Ham. . . - - 28 1 

Lepidocephalichthys guniea (Ham.) . . . . 43 1 

Village tanh, Singpur. 9.xu.l939. 

The tank is used for washing and bathing ; it is overgrown with 
lilies, Elodea, and other water plants. Near the edge of the tank a 
species of Scrophularinae with spines and blue flowers and the reeds 
of a species of Cyperaceae are common. 

mm. Specimens. 

Brachydanio rerio (Ham.). . - - - . . ^4 — 29 4 

Mashora daniconius QS.a,m,) .. .. 32- — 71 3 

Barbus {Funtim) sophote Ham. - - . * 67 1 

[ 366 ] 



366 


Records of the Indian Museum, 


[VoL. XLII, 


' JJieel' at Nagri on the Raipur Forest Tramway, ll.xii.l939-. 

The ' jheel ’ is about J a mile from the Forest Rest House at Nagri ; 
it is situated in an open maidan and is surrounded by rice fields on all 
sides. It is apparently fed by rains as no streams of any size are to be 
seen in the vicinity. The ‘ jheel ’ is full of weeds of all kinds — Pota- 
mogeton^ Elodea, Trapa spinosa, lilies, etc. Various grasses grow at the 
edge, and a few strands of filamentous algae are also seen. 


Brachydanio rerio (Ham.) 

Efiornus damric/its (Ham.) 

Barbus {P‘U7iti'us) ticto Ham. . . 
Le'jndoeephalicTithys gnntea (Ham.) 

Ophicephahis gachva Ham. . . . . 

Opliicephalus punctatus Bloch 
Nandus nandus (Ham.) 

Maha^iadi river at Sihawa, 12.sdi.l939. 

Barilim prox. hendelisis Ham. 

Brachydanio rerio (Ham.) 

Barbus {Puntius) ticto Ham. 

NemaMlus denisoriu Hay 


mm. 

Specimens. 

19—29 

26 

36—42 

2 

30—40 

2 

24—56 

19 

70 

1 

65 

1 

83 

1 


mm. 

Specimens 

11—19 

49 

15~~“29 

33 

22—37 

2 

25 

1 


Tank in Forest Village about 4 unites from Sihawa. 13.xii.l939. 


The tank was full of weeds of all kinds, lilies, Cyperus, etc. 


Masbora daniconius (Ham.) 
Amblypharyngodon mola (Ham.) 
Lepidocephalichthys guntea (Ham.) 
Ophicephalus gachua Ham. 


mm. Specimon^. 
30—41 5 

20 1 

25-^4 8 

106 1 


Biweekly Market at Sikawa. 

13.xii.l939. 





mm. 

Specimens 

Bkynchobdella aculedta (Bloch) 


. . 109—122 

2 

Barilius hendelisis Ham. 


. . 46—150 

9 

Brachydanio rerio (Ham.) 


21—23 

2 

Masbora daniconius (Ham.) 


42—71 

8 

Barbus {Puntius) dorsalis (Jerdon) 


44—74 

20 

Barbus (Puntius) guganio (Ham.)" 


29—33 

10 

Barbus (Puntius) sarana (Ham.) 


. . 81—161 

5 

Barbus (Puntius) ticto Ham. 


32—42 

26 

Cfarra mullya (Sykes) 


69—97 

2 

LaJbeo boggut (Sykes) 


. . 109—116 

2 

Lepidocephalichthys guntea (Ham.) 


32—60 

14 

Mystus cavasius (Ham.) 


49—89 

4 

Mysius tengara (Ham.) 


48—70 

3 

Mystus mttatus (Bloch) 


44^'?2 

16 

Bagarius hagarius (Ham.) 


287 

1 

OpMcephcbLus gotohua Ham. * . 


.. 92 

1 

lafmdus nmidus (Ham.) « # 


98 

1 
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Mahanadi river before its junction with the Balka Nallah about 3 miles 
from Sihawa. 14.xii.l939. 

The Mahanadi proper before it receives the Balka Nallah is a deep- 
cut stream with high banks. In places it is 7 -10 feet deep. The bottom 
is muddy ; in places it is sandy and strewn over with small pebbles. 


Lauhuca lanbuca (Ham.) 



mm, 

22—36 

Specimens 

11 

Barilius hendelisia Ham. 



35 

2 

Brachydanio rerio (Ham.) 



13—30 

48 

Esomus danricus (Ham.) 



40 — 11 

2 

Rashora daniconius (Ham.) 



30 

1 

Barbus (Puntius) gelius Ham. 

.. - 


18 

1 

Barbus (Puntius) guganio (Ham.) 



26—31 

2 

Barbus (Puntius) ticto Ham. . . 



20—41 

55 

NemacMlus botia (Ham.) 



22—28 

2 

Nemachilus denisonii Day 



21—42 

21 

LepidocepTialichthys guntea (Ham.) 



29—65 

52 

Mystus tengara (Ham.) 



42—48 

3 

Erethistes hara (Ham.) 



37 

1 

OpMcephalus punctatus Bloch 

- 


102 

1 

Balka Nallah about 3 mihs from 

Sihawa. 

14.s:ii.l939. 



The Balka is a sandy stream with only ankle-deep water in which 
algae and other weeds occur. 



mm. 

Specimens. 

Lauhuca laubuca (Ham.) 

25—29 

13 

Barilius prox. bendelisis Ham. 

16—23 

3 

Brachydanio rerio (Ham.) 

16—31 

46 

Barbus (Puntius) gelius Ham. 

17 

1 

Barbus (Puntius) ticto Ham. 

25—34 

15 

Lepidocephalichthys guntea (Ham.) 

43—48 

7 

M^fddy road-side pools between Sihawa and 

Birgudi. 

15.xii.l939. 


mm. 

Specimens. 

Brachydanio rerio (Ham.) 

10—18 

36 

Barbus (Puntius) ticto Ham. - . 

12—32 

12 

Village tank near Birgvdi about 3 miles from 

Sihawa. 

15.xii,1939. 

The tank is used as a buffalo- wallow ; it is 

overgrown witli reeds 

(Cyperaceae) and weeds {Potamogeton and Elodea) of various kinds, and 

its sides are swampy. 

mm. 

Specimens. 

Brachydanio rerio (Ham.) 

15—25 


Barbus (Puntius) sophore Ham. 

15—34 



Small ^ deep stream close to the Forest Rest House at GattasilU. 

16.xii.l939. 


Brachydanio rmo (Ham.) 


mm. Specimens 
9—16 


Ama Nallah about 2 miles from Gattasilli^ 17.xii.l939. 

A shallow stream on the edge of the forest at Gattasilli in the Birgudi 
range. The bottom is flat and sandy with a few rooks here and there. 
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The water is only ankle-deep, and there is a layer of green algae at the 
bottom. Many patches of long trailing grass also occur. 



mm. 

Specimens. 

JBrachydanio rerio (Ham.) 

12—35 

206 

Esomtis danricus (Ham.) 

25—46 

39 

Mashora daniconius (Ham.) 

40—68 

4 

Barbus {Puntnis) sophore Ham. 

42 

1 

Barbus {Puntius) ticto Ham. 

17—51 

16 

Lepidoceplialichthys guntea (Ham.) 

36—53 

9 

Nenginallah swamp near Gattasilli. 

18.xii.l939. 


The sides of the swamp are overgrown with reeds, while the wat 
full of Potamogeton^ Cyperus, filamentous algae, and other weeds. 


mm. 

Specimens, 

BracJiydanio rerio (Ham.) 

20—27 

29 

Barbus {Puntius) guganio (Ham.) 

21—25 

2 

Barbus {Puntius) sophore Ham. 

14—19 

4 

Barbus {Puntius) ticto Ham. 

20—26 

2 

Lepidocephalichthys guntea (Ham.) 

50—70 

2 

Ophicephalus punctatus Bloch 

46—61 

4 

Nandus nandus (Ham.) 

46—51 

2 


Small stream and swamp near Dohal Forest Rest House. 20.xii.l939- 

Some portions of the stream are muddy while others are sandy ; 
it flows over rocky ground before reaching the swampy portion. The 
edges of the stream are overgrown with grass, weeds and shrubs. In 
the rocky portion there are small rounded buttons of mucilaginous 
light green algae in small patches. 

The swamp was obviously lately cultivated as the stumps of paddy 
2 to 3 feet high, which are still to be seen over it, show. Puddles of 
water full of Potamogeton are left in various parts of the swamj). 




mm. 

Specimens. 

Brachydanio rerio (Ham.) 


18—34 

157 

Danio aequipinnatus (McClell.) 


53— 60 

5 

Esomus danricus (Ham.) 


33—47 

36 

Easbora daniconius (Ham.) 


34—92 

29 

Barbus {Puntius) dorsalis (Jerdon) 


30 — 41 

2 

Lepidocephalichihys guntea (Ham.) 


<18 

1 

Nemachilus denisonii Hay 


21—43 

23 

OphicepJialus gachua Ham. 


64—73 

4 


Morrumsilli Reservoir ^ about 5 miles to the sotith-wesl of Banroud. 

23.xii.1939, 


The reservoir is fornied by putting a dam across the Silari driver and 
is about 180 sq. miles in extent. Below the dam the Silari continues 
as a small stream. There are great numbers of fish of all kinds, but it 
is difficult to catch them without suitable appliances. 


nun. Specimens. 


Brachydanio rerio (Ham.) 


22—29 

11 

Easbora daniconius (Ham.) 


36 

1 

Barbus {Puntius) ticto Ham. 


16 

1 

JCepidocephalichthys guntea (Ham.) 

m h. 

30 

1 

Xenentodon cancila (Ham.) 

• « 

41 

1 
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Mahanadi river at Rudri, 24,xii.l939. 

The Mahanadi river is situated at a distance of about one mile from 
the P. W. D. Inspection Bungalow at Rudri ; it is about a mile broad. 
The main stream flows about the centre of the bed and is knee-to waist- 
deep in many places. The bed is mostly sandy though, in places, sand 
is mixed with mud. The current is fairly swift. 

mm. Specimens. 


Mastacembelus pancalus (Ham.) 



57— 7a 

2 

Bashora daniconius (Ham.) 



19 

1 

Barilius prox. heiiddisis Ham. 



10—17 

4 

Barbus {Puntiiis) dorsalis (Jerclon) 



SO— 48 

27 

Barbus {Puntius) guganio (Ham.) 



19—23 

7 

Barbus {Puntius) sopJiore Ham. 



24 

1 

Barbus {Puntius) ticto Ham. 



15—34 

133 

Oreichthys cosuatus (Ham.) 



21—25 

3 

Lepidocephalichthys guntea (Ham.) 



36—54 

86 

NemacMlus bolia (Ham.) 



26—40 

5 

Ophicephalus gachua Ham. 



70 

1 

Dhamtari Bazaar {Mahanadi river)^ 

24.xii.1939. 

mm. 

Specimei 

Mastacembelus pancalus (Ham.) 



44—106 

5 

Bhynchobdella aculeata (Bloch.) 



120 

1 

Chela bacaila Ham. 



54—75 

3 

Barilius barna Ham. 



58—66 

2 

Barilius bendelisis Ham. 



46 — 140 

15 

Rasbora daniconius (Ham.) 



28—53 

24 

Amhlypharyngodon mola (Ham.) 



44 — 64 

3 

Aspidoparia morar (Ham.) 



32—82 

17 

Barbus {Puntius) dorsalis (Jordon) 



42—61 

43 

Barbus {Puntius) gelius Ham. 



27 

1 

Barbus {Puntius) sarana (Ham.) 



130—143 

3 

Barbus {Puntius) sophore Ham. 



40—59 

36 

Barbus {Puntius) tetrariipagus (McClell.) 



49—89 

5 

Barbus {Puntius) ticto Ham. 



30—55 

4 

Laheo boggut (Sykes) 



35—84 

2 

Lepidocephalichthys guntea (Ham.) 



28—54 

10 

Nemachilus hotia (Ham.) 



45 — 56 

4 

Ctarias batracJms (Linn.) 



140—153 

2 

Meter opneustes fossilis (Bloch) 



92—96 

2 

Mystus aoT (Ham.) 



190—195 

2 

Mystus cavasius (Ham.) 



65—86 

5 

Mystus tengara (Ham.) 



46—78 

15 

Mystus vittatus (Bloch) 



58—65 

6 

Pseudeutropius atherinoides (Bloch) 



50 

2 

Xenentodon cancila (Ham.) 



230 

1 

Ophicephalus punctatus Bloch 



86—118 

2 

Ambassis ranga (Ham.) 



30—32 

2 

Nandus nandus (Ham.) 


. . 

48—125 

6 

Badis hadis (Ham.) 



17 

1 


Mahanadi Irrigation Canal, Rudri. 25.xii.1939. 

The water is standing in disconnected pools at various places through- 
out the canal. The sides of the canal are rocky and the bed is strewn 
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over witli small and large pieces of stone. The bed is pebbly, except 
in fairly deep water where it is muddy. 



mm. 

Specimens- 

Mastacemhelus armatus (Lacep.) 

94 

1. 

Chela hacaila Ham. 

95—107 

2 

Lauhuca lauhuca (Ham.) 

29 

1 

Brachydanio rerio (Ham.) 

22—24 

2 

Rasbora daniconius (Ham.) 

36-^4 

' 4 

Barbus (Puntius) guganio (Ham.) 

34 

1 

Barbus (Puntius) sophore Ham. 

83 

1 

Barbus (Puntius) tetrarupagus (McClell.) . . 

93 

1 

Barbus (Puntius) ticto Ham. 

33—57 

64 

Qarra mullya (Sykes) 

73—85 

2 

Oreichthys cosuatus (Ham.) 

33—34 

2 

Lepidocephalichthys guntea (Ham.) 

33—48 

5 

Nemachilus botia (Ham.) 

35—58 

19 

Nemachilus denisonii Day 

22—50 

20 

Mystus cavasius (Ham.) 

93—98 

2 

Amblyceps mangois (Ham.) 

26-^9 

7 

Ambassis ranga (Ham.) 

52 

1 

Glossogobius giuris (Ham.) 

93 

1 


Systematic Account. 

The collection under report comprises 1,872 specimens of 43 species. 
The systematic position of these species is shown in the following table : 


Family Mastagembelibae. 

1. Mastacemhelus armatus (LacepMe). 

2. Mastacemhelus pancaltis (Hamilton). 

3. Rhynchohdella aculeata (Bloch), 

Family Cype.I35TIDae. 

Subfamily Abramadjnab, 

4. Chela hacaila Hamilton. 

5. Laubuca lauhuca (Hamilton). 

Subfamily Rasbobinae, 

6. Barilius bama Hamilton. 

7. Barilius bendelisis Hamilton. 

8. Brachydanio rerio (Hamilton). 

9. Danio (McClelland). 

10. Esomus danricus (Hamilton). 

11. Bashora daniconius (Hamilton). 

Subfamily Ctbrininab. 

12. Amhlypharyngodon mola (Hamilton). 

13. Aspidoparia morar (Hamilton). 

14. Barbus (Puntius) dorsalis (Jerdon). 

15. Barbus (Puntius) gelius Hamilton. 

16. Barbus (Puntius) guganio (Hamilton). 

17. Barbus (Puntius) sarana (Hamilton). 

18. Barbus (Puntius) sophore Hamilton. 

19. Barbus (Puntius) tetrarupagus (McClel- 

land). 

^0. Barns (Puntius) ticto Hamilton. 

21. Qarra mullya (Sykes). 

22. Labeo boggut (Sykes). 

23. OreicMhys cosuatus (Hamilton). 

Family Cobitidae. 

24. Lepidocephalichthys gurUea (Hamilton). 
26. Nemachilus botia (Hamilton). 

26. Nemachilus d&rdsonii Day. 


Family Bagbidae. 

27. Mystus aor (Hamilton). 

28. Mystus cavasius (Hamilton). 

29. Mystus tengara (Hamilton). 

30. Mystus vittatus (Bloch). 

Family Amblycepibae. 

31. Amblyceps mangois (Hamilton). 

Family Sisobidae. 

32. Erethistes hara (Hamilton). 

33. Bagarius bagarius (Hamilton). 

Family Sohilbeidae. 

34. Pseudeutropius atherinoides (Bloch). 

Family CLABnDAE, 

35. Glarias batrachus (Linnaeus). 

Family HETEBOPNEtrSTiDAE. 

36. Heteropneustes fossilis (Bloch). 

Family Belootdae. 

37. Xenentodon cancila (Hamilton). 

Family Ophioephalidae. 

38. Ophicephalus gachua Hamilton, 

39. Ophicephalus punctatus Bloch, 

Family Ambassibae. 

40. Ambassis ranga (Hamilton). 

Family ISfAiirBiDAE. 

41. Nandus nandus (Hamilton). 

'TFamily Pbistoeepidae. 

42. Badis badis (Hamilton). 

Family GoBnDAB, 

43. Glossogobius giuris (Hamilton). 
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Of the 43 species listed above, 23 belong to the order Cyprinoidea 
(20 Cyprinidae and 3 Cobitidae), 10 to the order Siluroidea (4 Bagridae, 
1 Amblycepidae, 2 Sisoridae, 1 Schilbeidae, 1 Clariidae and 1 Heterop- 
nenstidae), while the remaining ten species are of the families Masta- 
cembelidae (3), Beloiiidae (1), Ophicephalidae (2), Ambassidae (1), 
Nandidae (1), Pristolepidae (1) and Gobiidae (1). With the exception 
of a few small species of carp-minnows all the others are fairly well 
known and do not call for any special comments from a systematic point 
of view. However, notes are given on the distribution of Rhynchoh- 
della aculeata, NemacJiilns denisovii and Amhlycefs mangois. 

From a zoogeographical point of view the occurrence of Amblyceps 
mangois in the Mahanadi system, and of Ba/rbus (Puntius) dorsalis and 
Nemachilus denisonii so far north and east are very significant as show- 
ing former hydrographic relations of the present-day river systems. It 
may be noted that the Sihavva range is only a spur of the once extensive 
Satpura Mountains. 


Rhynchobdella aculeata (Bloch), 

1938, Ehynchohdella aculmta, Shaw and Shebbeare, Journ, Roy. As. Soc. Bengal^ 
Science III, p. 126, text-fig. 128, 1937. 

Regarding the habitat of Rhynchohdella aculeata, Day^ made the 
following observations : 

“ Brackish waters within tidal influence, also throughout the deltas of large Indian, 
Burmese, and Sind rivers, but appears to be absent from the northern portion of the 
Punjab and the Malabar coast : it extends to Borneo and the Moluccas : attaining about 
I5 inches in length. It conceals itself in the mud, and becomes drowned if placed in 
water so as to be unable to reach the surface, apparently requiring to respire air 
directly.” 

In. 1935, while recording observations on the mode of aerial respira- 
tion in Mastacembelid fishes, I^ stated that Rhynchohdella aculeata is 
found in great abundance in Bihar far above the tidal influence, Shaw 
and Shebbeare (Joe. cit.) also made a similar observation on the autho- 
rity of Mr. C. M. Inglis. The present record of the species from the 
Raipur District shows that fresh water is no bar tp its distribution and 
it is likely that the fish will be found to be more widely distributed in 
the inland waters of India. 

Barbus (Puntius) dorsalis (Jerdon). 

1936. Barbus {Puntius) dorsalis, Hora, Rec. Ind. Mus, XXXVIII, p. 2, text- 
figs, 1, 2. 

- In 1936, I discussed the systematic position of Barbus dorsalis and 
showed that it had been described under several names owing to colour 
variations during growth. Hitherto it has been found only in South 
India ('" Kurnool, Mysore, throughout Madras as low as the Gauvery 
and Coleroon rivers and Ceylon Day), and the present record from 
the Raipur District considerably extends its range towards north-east. 
From the large number of specimens collected by Dr. Rao, it seems that 
the .species is fairly common in the Mahanadi system. 


1 Bay, P., Fish. India, p. 338, pi. Ixxii, fig. 1 (1876). 

® Hora, S. L., Trans. Nat. Inst* Sci* India, I, p. 8 (1935 
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Thoiigli the specimens obtained by Dr. Rao range in total length 
from 30 to 74 mm., the characteristic black spots on the dorsal and 
anal fins are absent in all of them. The spot before the base of the 
caudal fin is present, being more marked in smaller specimens. The 
colour pattern of the scales is also indistinguishable. The dorsal spine 
is rather weak and articulated, and in this respect the specimens agree 
with the form described as Puniius pvcJcelli by Day^. 

Barbus (Puntius) grelius Hamilton. 

1878. Barbus gelius. Day, Fish. India, p. 577, pi. cxlv, fig. 3. 

Barbus gelius is represented in the collection by tlirec juvenile spe- 
cimens. This species is liable to be confused with Barbus plmtunio^ 
but the two can be distinguished by their respective colour patterns. 
The distinguishing characters of the Indian Carp Minnows without 
barbels and with a serrated dorsal spine have been tabulated by Hora, 
Misra and Malik^. 

Hamilton’s^ Cyprinus canius with reddish colours has been regarded 
by later workers as a synonym of Cyprinus gelius with yellowish colours. 
A close study of the descriptions of the two species shows their great 



Text-fig. 1.— Lateral view of Barbus {Puntius) gelius Hamilton: X3|. 

similarity, and it seems probable that the colour differences between 
the two are correlated with sex. From our knowledge of sexual dimor- 
phism in allied species it may be surmised that C. canius represents the 
males and C. gelius the females of one and the same species. 

According to Day, B. gelius is found in Ganjam, Orissa, Bengal and 
Assam. It was originally described from ponds and ditches of the 
north-eastern parts of Bengal. 

Barbus (Puntius) guganio (Hamilton). 

1939. Barbus guganio. Das, Bee. Ind. Mus. XLI, p. 442, text-fig. 3. 

In dealing with a collection of fish from the Hazaribagh District, 
Das {loc. dt.) discussed the systematic position of Barbus gugamo and 

^ Day, F., Proc. Zool. Boo. London, p. 197 (1868). 

ss Hora, S. L., Misra, K. S., MaHk,, Q. M., Bee. Ind. Mus. XLI, p. 273 (1939).^ 

* Hamilton, F., Fish, Ganges, p, 320 (Edinfenrgh, 1822). 
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showed that Barbus amhassis Day is to be regarded as its synonym. Prom 
the material collected hy Dr. Rao from the Raix)iir District I am able 
to confirm the conclusions of Das. The characteristic black dorsal 
spine of the young specimens enables the species to be distinguished 
readily. 

Oreichthys cosuatas (Hamilton). 

1822. CypHnus (Gabdio) cosimtiis, Hamilton, Fish, Ganges^ p. 333, 

1877. Barbus cosuatiis. Bay, Fish, India, p. 681, pi. cxliv, tig. 1. 

1933. Oreichthys parvus. Smith, Joum. Siam, Soc. Nat. Hist. Suppl. IX, p. 63- 
1937. Barbus cosuatiis, Hora, Mec, Ind. Mus. XXXIX, p. 17, fig. 0. 

1937. Oreichthys cosuatus, Hora, Bee. Ind. Mus. XXXIX, pji. 331-333, text-fig. 1. 

Oreichthys cosuatus is represented in Dr. H. S. Rao’s collection from 
the Raipur District by 5 specimens, ranging from 21 mm. to 34 mm. in 
total length. The precise systematic position of this interesting species 
was discussed by me recently, and it was indicated that the range of 
the 'species extends to Siam. Comments were also made on the varia- 
tion in colouration with the growth of the fish, and on the extent of 
the lateral line. In the specimens under report the precaudal, anal and 



TuXT-ita. 2. — ^Lateral view of Oreichthys cosuatus (Hamilton) ; X 2f. 


dorsal spots as such are absent, but the distal portions of a few of the 
anterior dorsal rays are black and a number of rays are dotted with 
black in the middle of their lengths. The rays of the anal fin are also 
similarly dotted so that an in£stinct band is formed across the fin. 
The basal portions of the scales are streaked with black, and the lateral 
line extends only over a few of the anterior scales. The characteristic 
sensory folds on the head are fairly well marked, and enable the fish 
to be readily distinguished from a large number of small carp-minnows 
in the collection. 


Nemachilus denisonii Day. 

1939, Nemachilus ? denisonii. Das, Rec. Ind. Mus. XBT, p. 446, text-fig. 4. 

In recording Nemachilus denisonii from the Hazaribagh District, 
Das was very doubtful about his identification as this species had not been 
found previously outside South India and the Deccan. In Dr. Rao’s re- 
cent collection feom the Raipur District the species is represented by a 
large number of young, half-grown and adult specimens. The'^eolour 
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varies Considerably with, a ge, but the general pattern is fairly character- 
istic of the species. While in the young specimens the fins are without 
any markings and the body is marked with a few short bands, in the 
adult the bands on the body are more regular and numerous, the dorsal 
fin is marked with a row of spots across its middle and the caudal fin 
is provided with several irregular rows of spots. 

Amblyceps mangois (Hamilton). 

1939. Amhlyceps mangois^ Das, Bee, Ind. Mus. XLT, p. 448. 

So far as the distribution of Amhlyceps mangois in India proper is 
concerned it has hitherto been known from the Brahmaputra, Granges 
and Indus river systems. The occurrence of the species in the Mahanadi 
system is, therefore, of considerable interest. Within the last few 
years the range of the species has been extended considerably — from 
the Kangra and the Raipur districts in the west to Siam and the Fede- 
rated Malay States in the east. 


SxJMMAKY. 

A collection of fishes from the headwaters of the Mahanadi river 
is found to contain representatives of 43 well-known species. Short 
descriptions of localities with lists of fishes collected from each are given. 
Reference is made to the zoogeographical significance of the occurrence 
in the Raipur District of such forms as Barbus {Puntius) dorsalis, Nema^ 
chilus denisonii and Amhlyceps mangois- Notes are given on Rhynchoh- 
della aculeata, Barbus {Puntius) dorsalis, B. (Puntius) gelius, B. (Puntius) 
guganio, Oreichthys cosuatus and Nemachilus denisonii- 
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Introduction. 

The freshwater fish of Travanoore are particularly interesting on 
account of the 2 :oogeographical peculiarities of some of the forms. An 
account of the geography of the country, in so far as it affects the aquatic 
fauna, will be found in John’s^ account of ‘ Freshwater Fish and Fisheries 
of Travanoore It may be well, however, to reiterate here that Tra- 
vancore lies in the extreme southwest of Peninsular India between 8° 4' 
and 10° 21' X, and 76° 14' and 77° 73' B., and that its eastern boundary 
is formed by a continuous range of hills. The total area of the State 
is 7,625 square miles, of which 3,547 square miles comprise the 
up-country reaching an altitude ranging from 4,000 to 8,000 feet 
above sea level, 2,707 square miles comprise mid-country and 
the remaining 1,371 square miles constitute the low-country. The 
hill ranges of Travanoore are in reality spurs of the Western Ghats 
and as they stand like a wall behind the narrow coastal plains they 
obstruct the south-west monsoon and in consequence the rainfall is 
heavy between the months of May and August. There is a certain 
amount of rainfall during the north-east monsoon also. The maximum 
annual rainfall is about 200 inches. 

Owing to the mountainous character of the country and the heavy 
ffiinfall, both during the summer and winter months, there is a large 
number of perennial torrential streams harbouring remarkable forms 
adapted for life in swift currents. With a view to study the fish-fauna 
of such waters, one of us requested Mr. S. Jones and Dr. 0. C. John to 
collect for the Zoological Survey of India a representative lot of hill- 
stream fishes from different parts of the State. They very kindly under- 
took the work and the collection under report was made by them from 
the following localities : — 

1. Pampadampara Tank, North. Travanoore. 

2. Streams y^ithin a radius of about 5 miles round Pampadampara, North Travan- 

core. 

3- Dhofoikana, a small stream close to Pampadampara, North Travanoore. 

4. Sannyasa-ode; near Pampadampara, North Travaneore. 


^ John, C. C., Journ. Bombay Nai. Hist. Soc. XXXVIII, pp. *702-733 (1936). 
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5. Manimala R., near Kangirappally, Central Travancore. * 

6. A tributary of Manimala K., Erumeli, Central Travancore. 

7. Fool at the foot of the largest fall of Peruntenaruvi, a tributary of Pamba B., 

at Edakadathy, Central Travancore. 

8. Achenkovil R., 7 miles south-east of Konni, Central Travancore. 

0. Kear the source of Rallada R., 4 miles east of Thenmalai, Central Travancore 

10. Kulathupuzha, a tributary of Kallada R., Central Travancore. 

1 1 . Kallar stream at the foot of Ponmudi Hills, South Travancore. * 

12. Ohittar stream at Palode, South Travancore. 

13. Trivandrum, South Travancore. 

With the exception of the Kallar stream, Mr. Jones’s collection was 
made from streams in North Travancore, while Dr. John sent the 
material from the southern and central parts of the State. The collect 
tion under report is, therefore, fairly representative of the hill-stream 
fish fauna of the State. Further search is, however, likely to reveal 
more forms from similar habitats. As one new genus and two new 
species have been found in the material collected by Mr. Jones and 
Dr. John there is every likelihood of more new species being found 
among the smaller forms that live under rocks and stones in torrential 
streams, ilttention may also be directed to the fact that recently Raj^ 
has described a new genus of* Schizothoraoine fishes from the Periyar 
Lake, Travancore. 

The material is in an excellent state of preservation which shows 
that great care must have been taken in handling the specimens in the 
field. We wish to express here our great indebtedness to Mr. S. Jones 
and Dr. C. C. John for making the collection and presenting it to the 
Zoological Survey of India. A duplicate set of the material has been 
sent to the Government Museum, Trivandrum. 

In January 1941, Dr. .4. W. C. T. Herre of the Stanford University, 
California, visited Travancore and made a collection of fish. He 
presented to the Zoological Survey of India a few specimens obtained 
by him from the Kallar stream, 30 miles north-east of Trivandrum. 
The following species are represented in this lot : •— 

1. Barilius f/alensia (Ouv. Val.). 4, (Uirra mullya (Sykos). 

2. Barbus {Puniius) a'fnphibms ((^uv. & 5. Bhavtmm atisfralis (^}evdon). 

6. Nemachilns Iriani/uhirls (Ray). 

3. Barbus {Puntius) melanampyx (Day). 7, M astacemhelus armuttis (Lacey).). 

The first comprehensive list of 369 species of the fishes of Travancore 
was published by Pillay^, but he remarked that the list would probably 
be greatly augmented if the marine, brackish and fresh waters of the 
State could be systematically investigated. His list contains 72 fresh- 
water species. John (loc. cit,) gave a list of 73 species but though lie 
had included practically all the freshwater fishes listed by Pillay, he 
omitted to include, wdthout comments, Barilius hakeri, Barbus mala- 
haricus and B. tvynaadensis which had already been rec6rded by Pillay 
from Travancore. However, he added to the previous list Anguilla 
vulgaris, Barbus filamentosus, B, punctatus and B. sarana. »We have 
not been able to find any reference to the first of these species and pre- 
sumably the author has confused his determination with the marine 

1 Raj, B. Sxmclara, Bee. Jnd. Mua. XLJIT, pp. 209-214 (1941). 

s Pillay, R. S, N., Jemrn, Bombay Nat, Hist Bap, XXXTIl, pp. 347-379 (1929). 



236 


Records of the Indian Museum-, 


[VoL XLIIP 


fisli Conger vulgaris Cuvier which is a synonym of Conger conger (Linn.). 
Leaving this species out of consideration and combining the two lists, 
we have in all 75 species of freshwater fishes recorded from Travancore. 
Of these Barbus fkimentosus and B, mahecola are synonymous^ as they 
represent male and female sexes respectively of the same species (vide 
infra, p, 245). Similarly, HaplocMlus lineaius and H, rubrostigma 
represent the two vsexes of the same species. One of us^ has shown that 
Callichrous malabariciis is a synonym of G, bimaculatus. Rasbora 
?iilglieriensisj as noted by Day,^ is only a colour variety of the widely 
distributed R, daniconius. Thus the total number of freshwater species 
is reduced to 71. Of these, Megalops cyprinoides, HemnrJiamphus xan- 
thopteruSy Ambassis gymnocephaXus, Qerres limhatus and Gobhis strialus 
(==Awaous stamineus) are mainly marine and brackish water species, 
though they may frequent fresh waters also. For this reason, it is 
advisable to exclude them from a list of purely freshwater fishes, the 
» number of which will thus be reduced to 66. 

We^ have described from Dr. John's collection a new Catfish, Batasio 
travancoria, from Central and Southern Travancore, while Raj^ has 
more recently described a small-scaled Barbel, Lepidopygopsis iypus, 
from the Periyar Lake, and Hora® has described from Mr. Jones’s collec- 
tion a Hoinalopterid loach, Travancoria jonesi, from ISTorthern Travan- 
core. Among the material under report we have further found repre- 
sentatives of the following species which were not recorded by Pillay 
and John : Barilius gatensis, Danio aequipinnatus. Rasbora rasbora^ 
Barbus mussullah, Barbus iieto, Garra mullyay Lepidocephalus thermalisy 
Nemachilus evezardi, N, guentheri, Bhavania australis, Mystus cavasius 
and Glyptotkorax madraspatanus. Of these, B. mussitllah probably corres- 
ponds to B. tor of the lists of Pillay and John ; D. aequipinnatus to D, 
malabnHcus : B. tieto to B, punctatus ; G, 7nullya to Discoganthus lamta 
and B, australis to Homaloptera ^naculata. Thus, excluding these five 
species, only 7 <additional species are added to the list as a result of our 
present study. The total number of species now known, from the fresh 
waters of Travancore is 76. As the nomenclature of a number of species 
is changed, we give below a complete systematic list of the freshwater 
fishes of Travancore with their up-to-date scientific names and geo- 
graphical range. For vernacular names reference may be made to 
the lists j)iiblished by Pillay and John respectively. 

List op thp Fbeshwatbb Fish of Travancobe with theib 
Geogbaphical Range. 

The general classification’ of fishes adopted in the list is that proposed 
by Dr. C. Tate Regan, P.R.S., in his article on ' Fishes ' in the Fourteepth 
Edition of the Encyclopaedia Britannica (1929). The genera under 
their respective families and the species under each genus are alpha- 


1 Hora, S. L., Recflnd, Mm. XXXIX, p, 22 (1937). 

2 Hora, S, L., Rec. Ind. Mus. XXXVIII, pp. 356-361 (1936). 

^ Day, F., Fish. India^ p. 584 (1878). 

^ Hora, S. L., and Law N. C., Rec. Ind. Mus. XLIII, pp. 40-42 (1941), 
^ Baj, B. Sundara, Rec. Ind. Mm. XLIII, p. 209 (1941). 

« Hora, S, L,, Reo. Ind, Mus, XLIII, p. 230 (1941). 
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botically arranged. The species whose name is marked with an 
asterisk (*) is represented in the collection under report. 


List of Species. 

Order ; OSTARIOl^HYST. 

Subord(»r: GYPJRINOIIJJSA, 

Laniily : Cypbtktdae. 

Subfamily: AimAMJDJNA e. 

I . Chela hoopla Day 
3. Lauhuca Imibuca (Ham.) 

Subfamily : BASJidjirNAE. 

3. Bariliiia hakeri Day . , 

’*'4. Barilius gaUmsis (C. V.) 

Danio aeguipinnalus (McClell.) 

**'6. Raahora daniconvxia ( Ham . ) 

*1. Rasbom rasbora (Harn.) 

Subfamily : Cyprwii^ae, 

8, Amblypharyngodon meleUlna (C. V.) 

9. Amblypharyngodon ml crolepia (BikT.) 


Geograpbical Range. 


Travaricore and South Caiiara. 

Ceylon, India, Burma an^^,^%yilli*4raA 

Travancoro. 

Westoni Ghats, Nilgiris 
Ceylon, India, Buimia and S^m* ' 

Ceylon, India, Burm aL. Siam ,< pVIalay a 
etc. 

India, 


Burma, Siam 


and / Malaya. 


10. Amblypharyngodon mola (Ham.) . . 
*11 . Barbua (Puntius) amphlblus (0. V.) 
Barbus {Puntius) aruli'iia (Jord.) . . 
13. Barbus {Puntius) burnhanicua (Day) 
,34. Barbus (Pumtius) conchoniy 8 
’*‘15. Barbus {Puntius) curnmea (Ham.) 
y 16. Barbus {Puntius) denis oni (Day) 

^ *17. Barbus {Punt'i as) filamentoaua '{O.W) 
18. Barfms {Puntius) lithopidos Da^ 

,10. Barbus {Tor) malabaricus 
X Barbu^ {Puntius) meiana?}i 2 )yx OOay) 

Barbus {Puntius) meMmosiig^ia 
(Day) 

Barbus {Tor) nmssullah Sykes 
33. Barbus {Puntius) parrah (Bay) . . 
*24, Barbus {Puntius) * pinnauraius 
(Day) . . 


21 . 


*23. 


Ceylon, Peninsular India and Deccan 
Peninsular India, through Orissa tcH** 
Hooghly. 

India and Burma. 

Ceylon and Peninsular India. 

Peninsula^ India. 

Travancoro, Burma and Malaya, 

India (generally Northern India). 
Western Ghats. 

Travancoro. i 

Ceylon and Peninsular India. 
Travancoro, South Canara and Ooorg. 
Travancoro, and South Canara. 
Penhivsnlar India. - 

Travancoro, . Wynaad and Nilgiris. 
Peninsular India, and Deccan. 
Peninsular India. 


Ceylon, Peninsular 
Burma and Siam. 


India, Satpuras, 


25. Barbus {Puntius) sarana (Ham.) . .. 

26. Barbus {Puntius) sophore Ham.^ 
l/^27. Barbus {Puntius) Ucto Ham, ' s . . 

v/'^28. Barbus {PuTilius) vifMtis {Bb^) .. 
20* Barbus {Puntius) wyruiadensis Day 
30. Oarra jerdoni {k)B,y) ... 

*31. Garra rnullya (Sykes) 

1 . 

32. Lahm dusmimerl (C. V.) 

33. Rohtm hahari .. •• 

Subfamily: BCmzOTMORACmAB . 

34. Lepii^opygopsis typus Ra j . 


India and Burma. 

India, Burma and Yunnan. 

Ceylon, Imlia, Burma ami Siam. 
Ceylon, Peninsular India ahd Cutch. 
Travancoro and Wynaad. 

■ Peninsular India. 

Peninsular India, Satpuras and Kathia- 
, war. 


Peninsular India and Gujarati 
Travancore. . 


Travancoro. 


^TMs is the same species m Bmbus stigma (Guv. & VaL) of the earlier lists, 
nomenolatorial change see Ohaudhuri, Mem. Ind. Mus. V, p. 43.0 (1916). 


For 



Family : Homalopteridae. 

Subfamily;: HoMALOjPTERiNAE. 

***35, Bhavania australis (Jercl.) 

*36. Travancoria jonesi Hora 
Family : Cobitidae. 

*37, Lepidocejgi'halus thermalis (C. V.) * . . 
38. NemacMlus botia (Ham.) 

*39. Nemachilus evezardi Hay 
*40. ^emacMlus guentkeri Hay 
*41. 2^e9nacMlu8 tria7igularis D&^y 
Suborder": mLUBOIBBA. 

Family : CiiABiiDAE. 

42. Clarias batracJius (Liim.) 

Family : Heteropneustxuae. 

43. Meter op7ieustes fossilis (Bloch) 

Family : Sxltjrxdae, 

*44. Calllchrous hiniaculatus (Bloch) . . 

45. Wallagonia attu (Bloch) 

Family : SoHiXiBEiDAE. 

46. Pseudeutropius sylcesi (Jerd.) 
Family : Bagbibae. 

*47. Baiasio travancoria Hora & Haw . . 
*48. Mystus cavasius (Ham.) 

^ 49. Mystus cJiryseus (Hay) 

50. iMystus gulio (Ham.) . . 

*51. Mystus malabaricus (Jerd.) 

52. Mystus moritanus (Jord.) 

53. Mystus oculatus (C. V.) 

54. 3Iystus viMatus (Bloch) 

* Family : Sisobibae. 

*55. Glyptothcyrax uiadraspdtanus (Hay) 
Order : ABODES. 

Family : Angtjilbibae. 

56. ArtguiUa bicolor McClelland 


Travancorc, ISTilgiria, Wyiiaad and 
Mysore. 

Travancore. 

Ceylon and Boninsular India. 

Ceylon, India and Burma. 

Peninsular India and Hcccan. 
Travancore and Nilgiri Hills. 
Travancore. 


India, Burma, Siam, Malaya and 
, iurther east. 

Ceylon, India, Buimia, Siam and 
Cochin-China. 

Ceylon, India, Burma and further 
east- 

Ceylon, India, Burma, Siam, Malay 
Peninsula and Western Yunnan. 

Peninsular India. 

Travancore. 

India, Burma and Siam. 

Travancore, Canara and Malabar. 
Ceylon, India, Burma and Malaya, 
Travancore, Malabar and Wynaad. 
Travancore, Wynaad and Oauvory B. 
Travancore, Malabar and Hilgiris. 
Ceylon, India, Burma and Siam. 

Travancore, Nilgiris, and Mysore. 


Africa, India and further, oast. 


Order : SYNENTOGNATHI. 

Suborder : SGOMBBBSOCOIBBA. 

Family : XENEisfTOBONTiDAE or Belunibae 


. ' *57. Xe7te7itodon cancila (Ham.) 

Order : MICBOGYPKINI. 

Family : Cyprinobontidae. 

58. Aplochilus llneaius (C. V%) 
.Order: PEBGOMOBPHI. 

Suborder : PMBCOIDEA. 

Family : Ambassibae. 

59. Amhassis dayi Blkr. . . 

60. Ambassis naltut (Ham.) 

61. Ambassi§ ihomassi Hay 


. Ceylon, India, Burma, Malaya and 
Siam. 


. . Ceylon, Peninsular India and Heoean. 


, . Travanedre and Malabar. 

Travancore, Malabar, Calcutta, Anda- 
mans and Malay Archipelago. 
Travancore, Malabar, Sia^ and 
Malaya, ’ ' I ^ ' 
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List of Species. 

]?amily : Nanbidae. 

62. Nandus nandus (Ham.) 

Family : Pbistolepibae. 

63. Prktolepia fasciata (Blki*.) 

64. Pristolepis malabarica (Gthr.) 
b'amily : Ciohlidae. 

05. Eiroplus maculatus(Blo<ih.) 

00. Mroplus suratensis (Blocli) 

Suborder: OOBIOIDBA.- 
Family : Gobiij)ae. 

67. GlosBogobim gluru (Ham.) 

Subord(‘r : ANABANTOIDBA, 

Family : Anabantidaic. 

08. Anahas iesPitdinam (Bloch) * 

Family : ’Folyoanthidae, 

09. Macropodus cupanus 0. V. . . 

Suborder : OBHXOBFEALOIUFjA, 

Family : Ophicbfhalidae. 

*70. Ophicephalus gachua Ham. 

71. Ophicephalus leucopmictatus Sykes 

72. Ophicephalus marulius Ham. 

73. Ophicephalus micropeltes (K, & V. 

Hass.) 0. V. 

74. Ophicephalus slriaLus Blo(di 

Order: OFISTHOMI. 

Family ; Mastaoembeliuae, 

' *75. Maatacembelus arniatus (Lacep.) . . 

70. Mastacemhelus gtientheri Day 


Geographical Range. 

India, Burma, Siam and Malaya. 

Travaneore, Burma, Siam, Malay 
ArcHipelago and Cochin-China. 
Southern part of Western Ghats. 

Ceylon and Peninsular India. 

Ceylon, Peninsular India and Deccan. 


Ceylon, India., Bxirma and further 
east. 

Ceylon, India, Burma and further 

east. 

South India, Malay Peninsula and 
Sumatra. , 

Ceylon, India, Bxirma and further 

oast. 

Peninsular India and Deccan, 

Ceylon, India, Burma to China. 

Western Coast of India, Malay Archi* 
pelago, Siam and Indo-China, 

Ceyloii, Indian Burma and fuHhor 

east. 

Ceylon, India, Bxirma and further 

east. 

Travaneore, Malabar anrl Malaya. 


As is to be expected, a great majority of the species belong to the 
Ostariophysi, 41 to the Suborder Gyprinoidea and 14 to the Suborder 
Siluroidca. Of the reniaiiiing 21 species, 1 belongs to Apodes (An- 
giiillidae), 1 to Syiientognathi (Belonidae), 1 to Microcypriui. (Oyprino- 
dontidae), .16 to Percoinorphi (Ambassidae 3 ; Nandidae 1 ; Pristo-* 
lepidae 2*; Ciohlidae 2 ; Gobiidae 1 ; Anabantidac 1 ; Polycanthidae 
1 ; Ophicephalidae 5) and 2 to Opistliomi (Mastacembelidae). . 

ZOOGBQGBAPHICAL BeMAEKS. 

With the exception of the Ciohlidae, which are confined to Peninsular 
India and Ceylon, the remaining families listed above are widely dis- 
tributed in the Oriental Region and even further afield. The Cichlidae 
represent the Ethiopean element- in the fish-fauna of India^. The 
Schizothoracinae, which are the dominant fish of the streams, marshes 
and of the high plateau of Central Asia, represent tfie Palaeaxctic 


» %r», S. L., Curr. Y, Jk 364 (1937). 



24o 


Records of the Indian Museum. [Vol. XLIII, 

element in tlie fauna of Peninsular India. Two genera of the Schizo- 
thoracinae, ScliizotJiorax Heckel and Oreinus McClelland., arc found in 
torrential streams along the southern slopes of the Himalayas, but 
nowhere else in India. The occurrence of Lepidopygopsis in the Periyar 
Lake is, therefore, of special zoogeographical significance. Similarly 
the Homalopteridae, which are represented in Travancore by two genera 
of the Homalopterinae are of particular interest. The Homalopteridae 
are represented by a number of genera in south-eastern Asia and in 
India proper their range extends up to the hill ranges of Assam and 
Chittagong, and the Eastern Himalayas ; they are absent from the rest 
of India with the exception of the southern parts of the Western Glmts. 
The same can be said with regard to the distribution of Batasio Blytli. 
The genera Macropodus Lac6pede and Pristolepis Jerdon are either 
found in Peninsular India or in the Far Bast. There are species in the 
fauna of Travancore, such as Mastacembelus gueniheri^ Barbus {Puntius) 
burynanicus, Ambassis tJwmassiy and OpMcephalus micropeltes, which 
show a similar discontinuity in the respective ranges of their distribution. 
Even' if individuals of a single species are considered, we find that speci- 
mens of Barbus {Puirtius) ticto with the lateral line complete are either 
found in Peninsular India or in Burma and Siam. There is thus a great 
deal of evidence to show the close relationship of the Malayan fauna 
with that of Peninsular India. 

The freshwater fish-fauna of Travancore can be divided into the 
following groups from a zoogeographical point of view : 


Group I. — Species distributed throughout India ^ Burma and further east. 


1. Laubuca lauhuca (Ham.). 

2. Danio aequipinnatus (McClelL). 

3. Rasbora da7iiconius (Ham.). 

4- Rasbora rctsbora (Ham.). 

o. Amblypliaryngodon mola (Ham.). 

6. Barbus (Puntius) piniiauratus (Day). 

7. Barbus (Puntius) sarana (Ham.). 

8w Barbus (Punlius) sopTiore Ham. 

9. Barbus (Puntius) ticto Ham. 

10. Nemachilus hotia (Ham.). 

11. Olarias batracJius (Linn.). 

12. Heteropneustes fossiUs (Bloch). 

13. Gallichrous himaculatus (Bloch). 

27. Mastacembelus 


14. Wallagonia aitu (Bloch). 

15. Mystus cavasius (Ham.). 

16. Mystus gulio (Ham.). 

17. Mystus vittatus (Bloch). 

IS. Ayiguilla bicolor McClell. 

19. Xenentodon cancila (Ham.). 

20. Ambassis 7iahia (Ham.). 

21. Nandus nandus (Ham.)* 

22. Anabas testudineus (BJoch). 

23. Glossogohius giuris (Ham.). 

24. Ophiceplialus gaMiua Ham. 

25. Ophiceplialus marulius Ham. 

26. OpMcephalus striatus Bloch. 
armatus (Lacejx). 


Gtoiip II. — Sp^ies distributed in Peninsular India, Malay Peninsula 

etc. 

1. Barbus (Puntius) burmameus Day. 4. Pristolepis fasciaia (Blkr.). 

3. Ambassis thomassi Day. 6. Macropodus cupanus C. V. 

3. Ophicepbedus micropeltes C. V. 6. Mastacembelus guentheri Day. 


Group m . — Species distributed throughout India. 
1#, Barbus ^Puntius) ctmchonms Ham*. 
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Grronp IV. — Species with restricted distribution in India. 

1. Amhlypharyngodon microlepis {'Bila:.). 2. Barbus (Tor) mussullah 

3. Garra mullya (Sykos). 4. JSfemachilus eveztirdi Day. 

Group V. — Species common to Peninsular India and Ceylon. 

,1. AmMyphary7h(/odon meleiiina (O. V,). 5. Laheo dtissuwiicri (G. Y.). 

2. Barbus (Puniins) anipliihius (G. V.). 6. Lepidoee^^hcdns tlwraialls (0. V.). 

3. Barbus (Punlius) plamontosus (0. V.). 7. AplocJiiliis Uncalus (G. V.). 

4. Barbus (Puntius) %'itkiius (Day). 8. Elroplus tMiculalus (Bloch). 

9. Elroplus suratefisis (Bloch). 

Group VI. — Species distributed throughout Peninsular India. 

■f. Barbus (Pnntiiis) arulius (A iitd.). 4. Garra jar doni (lyihj). 

2. Barbus (Puntius) ^nelanampyx (Day). 5. Pseudeutropius syhesi (Jerd.). 

3. Barbus (Puntius) parrah (Day). ' 6. Ophiccphalus hucopunctaius frJyke'?. 


Group VII. — Species found in the Western Ghats and associated hills. 


1. Chela boopis Da,y. 

2. Barilius gaieMsis (G. V.). 

3. Barbus (Puntius) curmuca (Ham.). 

4. Barbus (Puntius) lithopidos Day. 

.5. Barbus (Tor) malaharicus Jord. 

(). Barbus (Puntius) melanosligina (Day). 

7. Barbus (Puntius) wynaadeusis Day. 

8. Bhavania australis (Jerd.). 


0- Nenuichilus gumithcri Day. 

10. Myslus chryseus (Day). 

11. Ifyslus malaharicus (Jerd.). 

12. Mystus mmitanus (Jerd.). 

13. Mystus oculatus (0. V.). 

14. Glyptothorax. madras patanus (Day). 

15. Amhassis dayi BIkr. 

16. Pristolcpis malaharica (Gthr.). 


Group VIII. — Species endemic in Travancore. 

1. Barilius bakeri Day. 4. Lepidopygopsis typus Raj. 

2. Barbus (Puntius) denisoni Day. 5. Travancoria jonasi Hora. 

3. Rohtee bakeri Day. 6. Nemachilus triangularis Day. 

7. Batasio travancoria Hora & Daw. 

Of the 76 species listed above, 27 are widely distributed iu India, 
Burma and further east ; 6 are found in Peninsular India on the one 
hand and in Burma and further east on the other, but nowhere else in 
India ; 1 is divStributed all over India proj^er but is not found in Burma : 
4; have a restricted distribution in India, mainly in Peninsular India 
and along the Satpura Trend of mountains ; 9 are found in Peninsular 
India and Ceylon, while the remaining 29 are restricted to Peninsular 
India and of these 7 are endemic in Travancore. Of the 29 species 
only known from Peninsular India, as many as 23 are found only in 
the Western Ghats and the associated hills. If Ceylon and Peninsular 
India be regarded as one zoogeographical region and the forms, which 
are found either in Peninsular India or further east but^not in other 
parts of India, be grouped along with the species restricted to Ceylon 
and Peninsular India, it becomes apparent that about 60 per cent of 
the species are peculiar to Southern India and are found nowhere else 
in India proper. This high endemicity of the fauna of this region has 
been noticed by previous workers also in the case of other groups of 
animals. 

From a zoogeographical point of view, the freshwater fish-fauna 
of TravanoorO presents two special features^ the marked Malayan element 
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and the preponderance of endemic forms. The former, according to 
Blanford^ , dates in India from the Miocene times. We have indicated 
ahov^ the occurrence of the Homalopteridae and of the genus Batasio 
in the hills of Assam and the Eastern Himalayas which indicates the 
probable route along which the Malayan fauna migrated to Peninsular 
India, Regarding the Himalayan fauna, Blanford stated that : 

“ . , . .Tke Indo-Malay element in the fauna is very richly represented in the Eastern 
Himalayas, and gradually diminishes to the westward, until in Kashmir and further 
west it ceases to be the principal constituent. Almost all the Indo-Malay genera, and 
a very large proportion of the species, are identical with Assamese or Burmese forms. 
These facts are consistent with the theory that the Indo-Malay part of the Himalayan 
fauna, or the greater portion of it, has migrated into the mountains from the eastward 
at a comparatively recent period. It is mi important fact that this migration appears to 
have been from Assam and not from the Peninsula of India P (Italics are oui’s.) 

One of us*^ has explained the presence of the Indo-Malayan element 
in the fauna of the Eastern Himalaya,s and Peninsular India by postulat- 
ing that the uplift movement of the Himalayas was probably most 
active in. the region of the Assam Himalayas as practically all the highest 
peaks are clustered round this area. It was argued that 

“ This differential movement, w'hich probably occurred late in the Miocene period, 
must have obliterated all traces of the eastward extension of the Inddbrahm and also 
acted as a barrier between the eastern and western Himalayan fishes. The new stocks 
of specialised hill-stream fishes from the east, not finding means to cross this barrier, 
were deflected towards south-west along the Satpura Trend which probably at this period 
stretched across India as a pronounced range from Gujarat to the Assam Himalayas. 
From Gujarat the hill-stream fauna migrated towards the south along the Western 
Ghats and spread to the hills of the Peninsula in the extreme south.” 

To account for the anomalies of distribution referred to above, 
Blanford (Zoc. cit., p. 435) postulated the diminution of temperature 
as the cause for the dispersal of animals from the north to the south and 
stated : 

‘‘ .... Unless the temperature of India and Burma generally underwent a con- 
siderable diminution, it is not easy to understand how plants and animals of temperate 
Himalayan types succ*eede<l in reaching the hills of Southern India and Ceylon, as well 
as those of Burma and Malay Peninsula.” 

Temperature is imdouhtedly a great factor in the dispersal of animals 
and probably has veiy great influence on the terrestriaL fauna but in 
■ bhe case of aquatic animals the presence of water connections is also 
an important factor. Moreover, in the case of torrential Ashes, such 
as the Homalopteridae, a rocky substratum and a swift current are 
also essential for their very existence. In view of these ecological con- 
siderations, it seems probable that the Satpura Trend may have acted 
as a highway for the migration of this fauna from the late Miocene 
period to the time of formation of the RajmahabGarro Hill gap. This 
movement may have been facilitated by the diminution of temperature 
if the earth movements of the glacial period provided necessary water 
connections for the transference of the fauna from the north-east to the 
south-west. 

The high endemicity of the Travancore fauna is an evidence of its 
antiquity and long isolation from the fauna of the mainland of India 
and of the adjacent countries. After migrating from north-east to 


1 Blanford, W, T., PhiL Trans. Hoy. JSoc. London (B) CXCIV, pp. 433, 434 (1921). 
^How, S. li.. Bee. ind. Mus. XXXIX, p. 255 (1937). 
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south-west, the fauna came to a blind end in the Peninsular region and 
when, with the formation of the Rajmahal-Garo Hill gap and due to 
otlier causes, it became isolated, it had sufficient time to blossom out 
into distinct species, while still retaining its family aflB.nities with the 
]:>arent stock. 


Systematic Account. 

Barilius gatensis (Cuv. & Vah). 

1878. Barliius gatmsiSf Day, Fish. India, p. 592, x->t oxlix, fig. 2. 

4 Hpccimoxis, 52 to 108 mm. in length. Streams within a radius of 

about 5 miles of Pampadampara, Western Ghats, North Travan- 
eorc. S. Jones, April 1941. 

5 spocnnons, 30 to 39 mm. in length. Manimala It., near Kangirap- 

pally. Central Travancore. C. C. John, 2G. iii-i940. 

2 spocimeiiH, 78 and 97 mm. in length resjjeetivcly. PocJ at the foot 
of tlic largest fall of Uermitenanivi, a tributary of Pamba H., at 
Edakadathy, Coiitral Travancore. 0. C. John, 11. ii. 1.940. 

1 Kx>oeimen, 72 mm. long. Chittar stream at .Palodc, Sont-h Travail-, 
core. C. 0. John, 10.ii.l940. 

According to Day, Barilius gatensis^ is known from Western Ghats 
of Malabar and Neilgherry hills ”, but since then its range has been 
extended to other parts of the Western Ghats also. In some of the 
specimens under report, the lateral bars are short and form a series of 
oblong spots along the sides. On the whole it is a brightly coloured 
species. 


Daxiio aequipinnatus (McClelland). 

1878. Danio aequipinnatus. Day, Fish. India, p. 596, j)!. cl, fig. 6. 

19 sp(uiimciw, 28 to 101 mm. in length. Streams within a radius of 
about 5 miles round Pampadampara, Wostexm Ghats, North 
Travancore. S. Jones, 12.iv.l940 and April 1941. 

2 spocimens, 45 and 80 mm. in lengtli. Saiinyasa-odcs near 3?ainpa- 
wdampara, Western Ghats, North. '■(’ra\'an(‘ore. S. Jones, Ax>ril 
1940. 

2 specimens, 44 and 59 mm. in lexxgth- Mammabi U., near Kaugi- 
rappally. Central Travancore. 0. 0. Johxi, 26.iii.i940. 

2 specimens, 68 and 75 mm. in length. A tributary of Manixnala K., 
Erumeli, Central Travancore. C. C. John, 2().ii.l940. 

1 specimen, 91 mm. long. Fool at the foot of the largest fallofForuu- 

tcnarxxvi, a tributary of Pamba R., at Edakadathy, Central Tra- 
vaiicore- 0. C. John, ll.ii.l940. 

19 Hi 30 cimens, 18 to 74 mm. in Icxigth. Achenkovil R,., 7 miles south- 
east of Konni, Central Travancore. C. C. John, 17.ii,1940. 

2 specimens, 66 and 68 ram. in length. Kulathujmzlia, a tributary 

of Kallada li.. Central TYavancore. (Collected from a |>ond-liko 
accumxilatioii of water surrounded by big boulders.) C. C. John, 
14.ii.l940. 

3 epocimons, 46 to 67 mm. in length. Chittar stream at Palodo, 

South Travancore. 0. G. Johxi, 9.ii.l940. 

The large number of young, half-gro-wn and adult specimens referred 
by us to Ttanio aequipinnatus show variation in colouration and scale 
counts. It seems to us probable that D. malabarieus (Jerdon) of Penin- 
sular India and Ceylon, and D. strigillifer Myers of North Burma and 
Peninsular India are synonymous with the North Indian D. aequi- 
pinnatus. The three forms, as known at present, are rather difficult 
to distinguish from one another and the material mder report helps 
to bridge over the differences between them. 
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Rasbora daniconius (Ham.). 

1S7S. Rasbora danicomuS:, -Day, Fish. India, P. 584, pi. cxlvi, figs. 2, 3. 

7 specimens, 33 to 82 mm. in standard length. Painpadampara 
Tank, Western Ghats, North Travancore. S. Jones, Soptcinber 
1938 and March 1940. 

42 specimens, 21 to 102 mm. in length. Streams within a radius of 
about 5 miles round Painpadampara, Western Ghats, North 
Travancore. S. Jones, 12. iv. 1940, and April 1941. 

2 specimens, longer one 78 mm. in length- Manimala II., near 
Kangirappally, Central Travancore. C. C. John, 20.iii.l040. 

Tlie specimens of Rasbora cRmiconius correspond witli Day's variety 
neilglierriensis wliicli is stated to grow to a large size and to possess 34 
scales along tlie lateral line. In all the specimens the lateral band is 
broad and well marked. 

Rasbora rasbora (Ham.). ^ 

1878. Rasho7'a buchanani. Day, Fish. India, p. 584, pi. cxlv, fig. 10. 

2 specimens, 77 and 83 mm, in length. Streams within a radius of 
about 5 miles round Pampadampara, Western Ghats, North 
Travancore. S. Jones, April 1941. 

2 specimens, 50 and 65 mm, A tributary of Manimala P., Erumeli, 
Central Travancore. C. C. John, 20.ii.l940. 

2 specimens, 82 and 94 mm. in length. Kulathupuzha, a tributary 
of Kallada R., Central Travancore. (Collected from a pond-like 
accumulation of water surrounded by big boulders.) C. C. John, 
14.ii.1940. 

1 specimen, 84 mm, long. Chittar stream at Palode, South Travan- 
core. C. C. John, 10.ii.1940. 

Rasbora rasbora is represented by a number of badly preserved 
specimens in which the scales have fallen off. The species is widely 
distributed in India and Burma, though in the fauna of South India 
it is less common than R. daniconius. 


Barbus (Puutius) ampMbius (Cuv. & VaL). 

1878. Barbus antphiblus. Day, Fish. India, p. 574, pL cxlii, fig. 8. 

2 specimens, 36 and 77 miii. in length. Manimala R., near Kangirap- 

pally, Central Travancore. C. 0. John, 26.iii.1940. 

8 specimens, 62 to 70 mm. in length. A tributary of Manimala R., 
Erumeli, Central Travancore. C. C. John, 20.U.1940. 

1 specimen, 88 mm. long. Pool at the foot of the largest fallof Perun- 
tenaruvi, a tributary of Pamba R., at Edakadathy, Central Tra- 
vancore. 0. C. John, ll.ii.i940. 

3 specimens, 60 to 80 mm. in length. Near the source of Kallada R., 

4 miles east of Thcnmalai, Central Travancore. C. 0. John, 9.ii. 
1940. 

4 specimens, 57 to 74 mm, in length, Kulathupuzha, a tributary of 

Kallada R., Central Travancore. (Collected from a pond-lik© 
accumulation of water surrounded by big boulders.) C. C. John, 
i4.ii.1940. 

4 specimens, 59 to 70 mm. in length. Chittar stream at Palode, South 
Travancore- C. C. John, 10.ii.l940. 

All the specimens of Barbus ampMbius listed above are characterised 
by the possession of a large, well-marked black spot before the base 
of the caudal fin ; in this respect they agree with Day's description of 
the Malabar examples. According to Dayj this species is found in 
Central India, Deccan, Bombay and the Western coast of India^ 
Madras and up to the coast as high as Orissa." 
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B, ampMbius is liable to be confused with B. dorsalis'^ but the promi- 
nent caudal sj^ot and the absence of dorsal and anal spots in B. mnpMbius 
enable tlie two species to be distino'uished tVom each other. 


Barbus (Puntius) curmuca (Hamilton). 

(Plate IX, fig. 1.) 

1878. Barb’us curnmca. Day, Fish. India^ j). 5(>6, pi. cxii, 15g. 1. 

8 Hpeciraen.s, 37 to 97 mm. in length. A tributary of Manimala R., 
Enimeli, Central Travancore. C. C. John, 20. ii. 1940. 

1 specimen, 148 mm. long. Pool at the foot of the lai'gest fall of 

Pernntcnaruvi, a tributary of Paniba R., at Edakadathy, Central 
Travancore. C. O. John, ll.ii.1940. 

3 specimens, 89 to 110 mm. in length. Near tlio sonroo of Kallada 

R., 4 miles east of Thenmalai, Central Travancore. C. C. John, 
9.ii.l940. 

2 specimens, 106 and 113 inra. in length. Kulathnpnzha, a tributary 

of K.allada R., Central Travancore. (Collected from a poncl-like 
accumulation of water surrounded by big boulders.) C. C. John, 
14.h.l940. 

Barbus curmuca is represented in the collection by a number 
of young, and half- grown specimens. In the largest example under 
report, the tips of the caudal fin are deep black in colour and proximal 
to them there are areas of a light colour. The rest of the fin is 
somewhat grayish. There is a deep black bar behind the gill-opening 
and in the dorsal half of the body the scales are grayish with lighter 
margins. The bases of the scales above and below the lateral line 
are provided with dark spots. The ventral surface is pale olivaceous. 

Barbus (Puutius) filameutosus (Cuv. & Val.). 

1937, Bai'hns jUwmentomis, Hora, Bee. Ind. Mns. XXX IX, pp. 22-24, text-figs. 

8, 9., 

6 spccunenw«!, 05 to 87 mm. in length. A tributary of Manimala R., 
Erumeli, Central Travancore. C. CJ. John, 20.ii.i940. 

12 ‘specimens. 77 to 109 mm. in length. Pool at the foot of the largest 
jail of Peruntc-imruvi; a tributary of Pamba R., at Edakadathy, 
Central Travancore. 0. C. John, ll.h.I940. 

4 specimens, (>3 to 84 mm. in length. Near i^hc sources of Kallada R., 

4 miles (‘ast of IJK^nmalai, Cential Travaneon*. C. C. John, 9.ii. 
1940. 

3 sp<‘cimi‘na, 75 to 128 mm. in lengih. Ivulathupuzha, a tributary 

of Kallada R., Central Travancore. C. 0. John, 20.iiJ940. 

4 specimens, 70 to 82 mm. iii length. Chittar stream at Palode, South 

Travancore. C. C. John, 10.ii.1940. 

Of tlic 29 specimens of Barbus filam.eniosus collected by Dr. C. C. 
John from different localities in Travancore as listed above, there are 
only G fully developed males while the remaining examples are either 
females or juveniles. In the males the number of prolonged filiform 
rays varies from 3 to 6 and in one specimen the last unbranched ray 
is also greatly elongated (text-fig. 2). All the males are provided with 
patches of large tuberclcvS on either side of the snout. These secondary 
sexual characters are very characteristic features of the species. 

As already pointed out by one of us, considerable impoi'tance has 
been attached to the presence or absence of barbels in the individuals 
of this species. Small barbels, sometimes hidden inHhe grooves round 


1 Bora, 8. L., Mec. Ind. Mus. XXXYIIT, pp. 2-5 (1936), 
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the corners of the month, are invariably present in all the specimens, 
but they seem to vary considerably in length. In smaller individuals 



Text-Fig. 2. — Lateral Tiew of a mature male specimen of Barbus (Pimtiits) fila- 
mentoms (Cuv. & VaL), showing secondary sexual characters. Nat. Size. 

they are relatively larger. In one of the male specimens (text-fig. 2) the 
barbels extend as far back as the posterior border of the eye. In one 
of the female specimens also the barbels are of the same length, while 
in two others they extend up to the middle of the eye. One specimen 
is still more remarkable, for in it the barbel of one side reaches the posterior 
border of the orbit while that of the other side is very small. 

The colour varies considerably with age. In the young specimens 
the colour marks are not so prominent ; the large lateral blotch is, how- 
ever, fairly well marked and the fins are somewhat dusky. Some of the 
outer rays of the caudal fin in both the lobes are dark in colour. The 
bases of the scales are also faintly marked- with dark spots. In larger 
specimens the lateral blotches as also the caudal blotches are intensely 
black and are surrounded by whitish areas. The black spots at the 
bases of the scales become somewhat darker, and in males (text-fig. 2) 
these markings becouie very prominent. Usually in the males a dark 
mark is also present behind the gill-opening. The last undivided ray 
is white in the males and the filamentous prolongations of the rays are 
somewhat dusky. 

Barbus filamentosus is a South Indian species, having been recorded 
so far from Canara down the Western coast and along the base of the 
Neilgherries, and Travancore hills, also Ceylon.'’ It is said to attain 
at least 6 inches in length. 

Barbus (Puntius) melanampyx (Day). 

1938. Barbus mdmyimpyx, Misra, Bee. Ind. Mus. XL, pp. 258-260, 1 toxt-fig. 

30 specimens, 23 to 57 mm. in length. Pampadampara Tank, Western 
Ghats, North Travancore. kS. Jones, September 1938 and March 
1940. 

52 specimens, 19 to 64 mm, in length. Streams within a radius of 
about 5 miles round Pampadampara, Western Ghats, North 
Travancore. 8. Jones, 12.iv.l940 and April 1941.' 

4 specimens, 21 to 37 mm. in length. Manimala R-, near Kangirap- 
pally, Central Travancore. C. C. John, 26.iii.1940. 

1 specimen, 52 mm. long. A tributary of Manimala R., Rrumeli, 
Pentrai Travancore^ 0, C, John, 20.|iJ940, 
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20 specimens, 22 to 45 mm. in length. Aclienkovil K.., 7 miles south- 
east of Konni, Central Travancore. C. C. John, 17.ii.l940. 

1 specimen, 58 mm. long. Knlathupnzha, a tributary of Kallada Bu, 

Central Travancore. (Collected from a pond-like accumulation 
of water surrounded by big boulders.) 0. C. John, 14.ii.3940. 

6 specimens, 25 to 57 mm. in length. Chittar stream at Palode, South 
Travancore. C. C. John, 10.ii.1040. 

Misra (Zoc. cit.) showed that the sexes of Barbus melanam^pyx can be 
distinguished by their respective colouration. From the large series 
of fresh specimens examined by us from Travancore we are able to con- 
firm Misra’s account, but find that the colouration of the sexes varies 
to a certain extent. In some of the female specimens the dorsal fin is 
not stained with black while in some of the smaller examples the three 
lateral bands are only faintly marked. In a number of male specimens 
the entire body is dark so that the two broad lateral bands cannot be 
differentiated from each other. The tips of the caudal fin may be devoid 
of the usual black colour, and in certain examples the opercular spot is 
also indistinguishable. In fully mature specimens the tubercle>s on 
the snout extend in a broad patch all round the front border of the snout. 

Barbus (Tor) mussullah Sykes. 

1841. Barbus 'irmssnllali, iSykes, Trans. Zool. Soc. London IT, p. 350, pi. Ixi, 

• lig4. 

11 specimens, 60 to 260 mm. in length. >Streams within a radius of 
5 miles round Pampadampara, We.stc‘rn Ghats, North Travancore. 
S. Jones, 12.iv.n)40 and April 1941. 

2 apecimoiivS, 42 and 53 mm. in length. IvalJar sti’eam at the foot of 

Ponmudi Hills, Western Ghats, South Travancore. S. Jones, 
April 1939. 

Though Hora in his series of articles on the Game Fishes of India 
has not yet dealt with the Large-scaled Barbels of Peninsular India, 
the number of young and lialf-grown specimens under report seem to 
belong to Barbus mussullah. Fi’om a preliminary' examination of the 
material from Peninsular India, Hora has found that this is the 
commonest species ot these parts and that its range extends along the 
Satpura Trend to the Central Pjiovinces. 

Barbus (Puntius) pinnauratus (Day). 

1877.< Barbus //i/fitaarafa.-i. J>ay, Fish. India, p. 501, cxxxix, tig. 3. 

1930. Barbus pinnauratus, John, Journ. Bombay Nal. Hist. Boe. XNXVFTT, 

p. 711. 

1937. Barbus pinnauarlus, Hora, Bee. In<l. Mus. XXXTX, p, 336. 

1938. Barbus pinnauratus, Hora, Bee. tnd. Mus. XL, p. 230. 

1939. Barbus ^unna.urattis. Das, Bee. Jnd. JIJ u.s. XL I, pp. 440, 441. 

1 specimen, 85 mm. long. KTilatbupuzlia, a tributary of Kallada K., 
Central Travancore. (C^oll£*ct(*d from a i)ond-Jike accumulation 
of water suri’ounded by big boulders.) C. C. John, 14.ii.l940. 

1 specimen. 111 mm. long. Chittar stream at Palode, South Travan- 
core. C, C. John, 10.ii.l940. 

In his recent publications, Hora has referred to the remarkable 
distribution of Barbus pinnauratus and indicated its close similarity to 
several species known from India and Burma. The specimens under 
report possess the characteristic colouration of the species and in other 
respects also represent the typical form, . ; 
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Barbus (Puntius) ticto Hamilton. 

1939. Barbus (Pwiitis) Misra & Malik, Bee. Ind. Mus. XLI, pp. 

263-279. 

1 speeimen, 32 mm. long. Adieiikovil R., 7 miles soutli-east of Konni, 

Central Travancore. C. C. John, 17.ii.l940. 

In the paper referred to above, Hora, Misra and Malik adduced 
evidence to show that Day’s Barbus punctatus from Peninsular India, 
characterized by the possession of a complete lateral line, is synonymous 
with B. ticto. In the specimen under report, the lateral line is more or 
less complete. It is worthwhile to mention here once again that examples 
of B. ticto with complete lateral line have so far been found both in Burma 
and Siam and in Peninsular India. 

Garra mullya (Sykes). 

1921. Garra mullya^ Hora, Bee. Ind. Mus. XXII, pp. 658-660. 

28 specimens, 63 to 186 mm. in length. Streams within a radius of 
about 6 miles round Pampadampara, Western Ghats, North 
Travancore. S. Jones, 12.iv.l940 and April 1941. 

10 specimens, 61 to 121 mm, in length. A tributary of Manimala 
R., Erumeli, Central Travancore. C. C, John, 20.ii.l940. 

2 specimens, 77 and 87 mm. in length. Pool at the foot of the largest 

fail of Peruntenaruvi', a tributary of Pamba R., at Edakadathy, 
Central Travancore. C. C. John, ll.ii.l940. 

1 specimen, 45 mm. long. Achenkovii R., 7 miles south-east of Konni, 

Central Travancore, C. C. John, 17.ii.l940. 

12 specimens, 72 to 114 mm. in length. Near the source of Kallada 
R., 4 miles east of Thenmalai, Cintral Travancore. 0. C. John, 

9.11.1940. 

9 specimens, 71 to 105 mm. in length. Xulathupuzha, a tributary 
of Kallada R., Central Travancore. (Collected from a pond-like 
accumulation of water surrounded by big boulders.) C. C. John, 

14.11.1940. 

2 specimens, 43 and 56 mm. in length. Kallar stream at the foot of 

Ponmudi Hills, Western Ghats, South Travancore. S. Jones, 
April 1939. 

Garra mullya is the most widely distributed hill-stream fish of the 
Western G hats and is 7:epresented by a large number of young, half-grown 
and adult specimens in the collection under report. It has been found 
to be equally abundant along the western portion of the Satpura Trend 
of mountains. The species can readily be distinguished by the absence 
of a proboscis on the snout, by the presence of tubercular areas, and by 
the fact that the tip of the snout is marked off by two short lateral grooves. 
In certain examples the tubercles are few and not well marked. 

Bliavania austaralis (Jerdon). 

1941. BJiavama av-stralis, Hora, Reo. Ind. Mus, XLIII, p. 225, pi. viii, figs. 

1-3. 

12 specimens, 40 to 131 mm. in length. Streams within a radius of 
about 6 miles round Pampadampara, Western Ghats, North 
Travancore. S. Jones, 12.iv.l940 and April 1941. 

1 specimen. 94*5 mm. long. Kallar stream at the foot of Ponmudi 
Hills, Western Ghats, South Travancore. S. Jones, April 1939. 

Hora(Zoc. eit.) has given a detailed account of Bliavania australis 
and discussed its affinities with other genera of the Homalopterinae. 
The species seems to be fairly common in the southern portion of the 
Western G-hats, 
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Travaxicoria jonesi Hora. 

1941. Travaxicoria jonesi, Hora, Iteo, Ind. Mus. XLlil, p. 230, pi- viii, figs. 

5-9. 

20 specimens, 22 to 100 mni. in length. Streams within a radius oi 
about 5 miles round Pampadampara, Western Ghats, North 
Travancore. S. Jones, 12.iv.l940 and April 1941. 

An account of Trmancoria jonesi was recently published by Hora 
{loc. cit.) in his paper on the Honialopterid fishes from Peninsular India, 
The genus Tmvancoria is very closely allied to Bhavania, but differs 
in having more extensive gill-openings and a larger number of rostral 
barbels. The species is known only from Travancore. 


Lepidocephalus therxnalis (Cuv, & Val.). 

1878. LepidocepJialicJithys thermalis, I>ay, Ti.sk. India, p. 610, pi. civ, fig. 3. 

20 .specimens, 29 to 33 mm. in length. PaDipadanij)ara Tank, Western 
Ghats, North Travancore. S. Jones, March 1940. 

42 specimcii.s, 33-5 to 70 mm. in length. Streams within a I’adius ol 
about 5 miles round Pampadampara, Western Ghats, North 
Travaneoi’e. S, Jones, 12.iv.l940 and April 1941. 

Lepidocephalus thernialis is known from Peninsular India and Ceylon. 
In general facies, it is closely allied to L. guntea of northern India, but 
Day distinguished the two species by the size of the head and the number 
of transverse rows of scales on the body. It is likely that when large 
series of specimens from different localities are carefully examined, the 
two forms may prove to be local races of the same species. 


Nemachilus evezardi Day. 

.1878. Memachilm evezardi, Pay, Tish India, p. 613, pL cliii, fig. 11. 

1019. Nemacliilus evezardi, Annandale, Bee. Ixid. Mus. XVI, p. 126, pi. i, 

figs. 2, 2a. 

1938. Nemackilus evezardi, Hora, Bee. Ind. Mus. XL, p. 241. 

42 ftj:)ecimons, about 25 mm. in length. Strejams within a radiviB of 

about 5 miles round Pampadampara, Western Ghats, North 
Travancore. S. Jones, April 1941. 

43 specimejis, 13 bo 56 mm. long. Bhobikana, a small sti'cam close 

to Pampadampara, Western Ghats, North Travancore. S. Joues, 
March 1940. 

8 specimens, 31 to 41 mm. in length. 8annyasa-ode, near Pampa- 
dampara, AVestern Ghats, North Travancore. vS. Jones, -April 
1940. 

NemaoMlus evezardi was hitherto known from the Western Ghats, 
near Bombay, the Pachmarhi hills, Central Provinces, and the Bailadila 
range, Bastar State, Central Provinces* It is recorded here from the 
Travancore hills for the first time. The distribution of the species is of 
some interest as indicating the continuity of these hills at some earlier 
period. 

N. evezardi is readily distinguished from other Indian species of the 
genus by the possession of well-marked nasal barbels. The colouration 
is very variable, but is quite characteristic of the species. 
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Nemachilus guentheri Day. 

(Plate IX, figs. 2-5.) 

1867. Nemacheilus guentheri. Day, Proc. Zooh 8oc, London, p. 285, 

1868. Ne77iachilu8 gue7itheri, Grunther, Oat. Pish. Brit, Mus, VII, p. 361. 

1872. Nemacheilus guentheri. Day, Journ. As. 8oc. Bengal XLI, p. 195. 

1878. Nemacheilus guentheri. Day, Pish. India, p. 615, pL clvi, fig. 10. 

1889- Nemachilus guentheri. Day, Faun. Brit. Ind. Fish. I, p. 228. 

2 specimens, 27 and 51*2 mm. in length. Streams within a radius of 
5 miles round Pampadampara Western Ghats, JSTortli Travan- 
core. S, Jones, April 1941. 

Since the discovery of Nemachilus guentheri by Day about 74 years 
ago in the Rivers along the lower slopes and base of the Neilgherry 
hills no other worker seems to have collected further material of this 
species, Gunther’s description is based on a typ>ical specimen from 
Day’s collection. Besides the two specimens collected by Mr. S. Jones 
as noted above, we have examined 3 specimens from the Dhoni forest 
in South Malabar collected by Mr. E. Burnes in May 1923, and 8 speci- 
mens collected by the late Dr. N. Annandale from the Nierolay stream, 
a tributary of the Bhavard river at the base of the Nilgiri Hills. These 
records show that the species is distributed probably all over the southern 
parts of the Western Ghats and the associated hill ranges. 

In the specimens under report, the length of the head is contained 
from 5*10 to 5*69 times in the total length and from 4*16 to 4*49 times in 
the standard length. The head is broader than its height ; its width is 
contained from 1*56 to 1*86 times and its height from 1*80 to 2*04 times 
in its length. The eyes are situated almost in the middle of the head or 
slightly nearer to the tip of the snout than to the end of the opercular 
border ; the diameter of the eye is contained from 3*90 to 6*30 times in 
the length of the head, from 1-43 to 2*25 times in the length of the snout 
and from 0*83 to 1*40 times in the interorbital width. The head and the 
anterior part of the body are somewhat flattened while the tail is com- 
pressed from side to side. The depth of the body is contained from 
8*68 to 9*79 times in the total length and from 6*85 to 7*72 times in the 
standard length. The caudal peduncle is almost as long as high or may 
be slightly longer. 

From the material before us, it seems that the colouration is very 
variable. In a specimen from the Dhoni forest, the dorsal surface is 
uniformly dark with faint indications of the pale bands in the tail region. 
As pointed out by Day, there are usually three rows of pale spots 
(PL IX, fig. 2) but their extent varies practically with each individual. A 
black mark is invariably present in the axil of the pectoral fin and the 
caudal fin is provided with three W-shaped bands across it. There is 
a deep, short, vertical bar at the base of the caudal fin. 

The specimens from the Nierolay stream (PL IX, fig. 4) and Pampa- 
dampara are much lighter in colour. The general colour of the body is 
pale olivaceous ; the dorsal surface of the head is grayish, while the 
entire ventral surface is much lighter. The body is marked with 3 rows 
of spots of different sizes and form ,* they impart a very characteristic 
appearance to the species. 
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Measurements in millimetres. 


Bhoni Forest, Pampadam- Hierolay 

S. Malabar. para. Stream, 

Nilgiris. 


Total length 



45-6 

51-8 

52-0 

51-2 

40-8 

56-8 

Length of caudal 



9-1 

10-6 

10-4 

10-8 

7-2 

12-0 

Length of head . . 



8*2 

9-5 

10-0 

9-0 

8-0 

10-6 

Height of head . . 



4*1 

4-9 

4-9 

5-0 

4-0 

5-5 

Width of head . . 



5*2 

5-1 

5-8 

5-3 

5-0 

6-8 

Bepth of body . . 



5-2 

5-6 

5-9 

5-9 

4-9 

5-8 

Biameter of eye . . 



2*1 

2-1 

2-4 

2-0 

1-8 

2-0 

Length of snout . . 



3-0 

3-4 

3-9 

3-9 

2-6 

4-5 

Interorbital distance 



2-0 

2-5 

2-6 

2-4 

1-5 

2-8 

Length of dorsal 



7-2 

9-0 

9-8 

8-0 

7-0 

8-5 

Length of pectoral 



7-2 

9-1 

9-9 

8-9 

7-8 

10-0 

Length of ventral 



6-7 

8-1 

9-0 

7-7 

6-0 

8-9 

Length of anal . . 



6-1 

7-2 

8-1 

7-0 

5-2 

7-7 

Length of caudal peduncle 

. . 


4-6 

5-8 

5-5 

5-0 

4-2 

5-0 

Least height of caudal peduncle 

. . 

4-6 

5-0 

5-5 

4-6 

3-8 

5-0 


Nemachilus triangularis Day. 

1865. N emacheilus triangularis^ Bay, Proc, ZooL Soc» London, p, 295. 

1865. N emacheilus triangularis. Bay, Pish. Malabar, p. 203, pi. xiv, fig. 1. 

1868. Nemachilus triangularis, Giintber, Cat. Pish. Brit. Mua. VII, p. 352. 

1872. Nemacheilus triangularis, Bay, Journ. As. Soc. Bengal XLI, p, 194, 

1878. N emacheilus triangularis. Bay, Pish. India, p. 619, pi. oliii, fig. 10, 

1889. Nemachilus triangularis. Bay, Paun. Brit. Ind. Fisk. I, p. 234. 

1909. Nemachilus triangularis, Jenkins, Pec. Ind. Mus. Ill, p. 289. 

1929. Nemachilus triangularis, PiUay, Journ. Bombay Nat. Ilist. Boc. XXXIII, 
p. 710. 

1936, Nemachilus triangularis, John, Journ. Bombay Nat. Hist. Soc. XXXVIII, 
p. 710. 

6 specimens, 45 to 73 mm. in length. Streams within a radius of about 
5 miles round Pampadampara, Western Ghats, North Travancore. 
S. Jones, 12.iv.l940, and April 1941. 

4 specimens, 42 to 49 mm. in length. Manimala P.., near Kangirap- 
pally. Central Travancore. C. C. John, 26.m.l940. 

6 specimens, 38 to 56 mm. in length. Achenkovil R., 7 miles south- 
east of Konni, Central Travancore. C. C. John, 17.ii.l940. 

1 specimen, 52 mm. long. Kulathupuzha, a tributary of Kallada 
R., Central Travancore. C- C. John, 14.ii.l940. 

8 specimens, 42 to 64 mm. in length. Xallar stream at the foot of 
Ponmudi Hills, Western Ghats, South Travancore. S. Jones, 
April 1939. 

Day described Nemachilus triangularis from two specimens collected 
at Mundikyum, Travancore. The ty^e-specimens are now preserved 
in. the collection of the British. Museum and, according to Day, the longer 
of the two is 2-1 inches in total length. There appears to be consider- 
able inconsistency in Day’s earlier and later accounts of the species 
regarding the proportions of the various parts of the body to the total 
length and, naoreover, Day’s illustration of the fish, as has already been 
pointed out by Griinther, is not satisfactory. In view of this, we give 
below a complete description of the species and figures from fresh 
specimens. 

D.2/8 ; A.2/5 ; P.ll ; V.8, 

Nemachilus triangularis is a pretty loach with a very characteristic 
colouration ; it is almost suboylindrioal with tJiQ head and anterior 



252 


Eecoi'ds of the Indmn Museum. L Vol. XLIII, 

part of body slightly depressed. The head is conical and bluntly poiiit- 
ed anteriorly ; its length is contained from 4-09 to 6*32 times in the 
standard length and from 5*13 to 7*11 times in the total length. The 
height of the head ivS contained from 1*46 to 1-88 times and its width 
from 1-28 to 1*55 times in its length. The eyes are of moderate sme, are 
situated almost in the middle of the length of the head, and are not 
visible from below ; the diameter of the eye is contained from 3*60 to 
5*00 times in the length of the head, from 1-33 to 2*14 times in the length 
of the snout and from 0*80 to 1*57 times in the interorbital width. In 
the males there is a small, obtuse projection of the preorbital below the 
anterior corner of the eye. The nostrils are situated considerabJy nearer 
to the anterior border of the eye than to the tip of the snout ; they are 
separated by a prominent flap. There are six moderately long barbels. 
The lips are thick, fimbriated and continuous at the angles of the mouth ; 
the lower lip is interrupted in the middle. The inter-maxillaries form 
a beak-shaped, median projection, which, when the mouth is closed, 
lies in front of the lower jaw. 

The depth of the body is contained from 6*28 to 9-17 times in the total 
length and from 5*06 to 7-70 times in the standard length. The caudal 
peduncle is well formed and is generally somewhat higher than long. 
The body is covered with small distinct scales and the lateral line is 
fairly extensive and generally complete. 

The dorsal fin originates slightly in advance of the pelvics and its 
commencement is almost equidistant from the tip of the snout and the 
base of the caudal fi.n. Its margin is straight and oblique, except at 
the anterior end where it is rounded. The pectoral is generally some- 
what shorter than the head, but may be equal to it or even slightly 
longer ; it is broadly pointed in the middle and is separated from the 
pelvics by a distance equal to a third of its length. The pelvics are 
distinctly pointed in the middle and bear a fleshy appendage in thes axil ; 
they do not extend as far as the anal opening. The caudal fin is deeply 
bifurcate. 

The colour pattern varies considerably with age. In a young speci- 
men, 35 mm. in total length, the ground colour is pale-olivaceous and 
there are about 7 dark bands descending from above to the sides ; they 
are angularly directed backwards and some of the anterior ones are 
united hy narrow longitudinal streaks. Most of the bands are edged 
with madder brown, and rounded yellow spots are present in the angular 
parts of some of the anterior bands. There are four bands on the head, 
one on the snout, one below the eye and two behind it in the opercular 
region. The dorsal fin is provided with two bands and there are indica- 
tions of two bands on the caudal. The anal and the pelvic fins are also 
provided with one band each. There is a black blotch at the base of 
the caudal. 

Dayi described the colouration of a specimen, 52-5 mm. in total 
length, as : Yellowish-handed, each band being edged with black ; 

seven along the body, which pass backwards towards the lateral line, 
and consequently are disposed in a V-shaped manner ; one band passes 
over the operculum, a second through the eye and a third from the 


^ Dajf, B*., Proc, ZooL Soc, JLondon, p, 295 (1865). 
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orbit to the angle of the mouth. Dorsal with three irregular rows of 
black spots. Pectoral, ventral and anal unspotted, but darkest at 
their margins. Three black bands on the caudal, which has also a 
black base.” 

In a specimen, 72 mm. in total length, the colour pattern is still 
further modified. The ground colour of the head and the body is grayish 
and the pale bands on the body are broken up. There are seven bands, 
the anterior five are directed backwards, while the last two are vertical 
and are conspicuously edged with madder brown. There are a number 
of yellowish patches of different sizes and patterns above the lateral 
line. Five yellowish bands are present on the head and the colouration 
of the fins is similar to that described by Day. 

Distribution, — Travancore. The specimens figured here were collect- 
ed by the late Dr. N, Annandale at Courtallum, Travancore. 


Measurements in millimetres. 



Pampadam- 
para . 

Xallar Stream. 

Aehenkovil R. 

Kula- 

thu- 

puzha. 

Manimala II. 

Total 

r)5*() 

70-5 

42-0 

57*0 

()7-r> 

38*.5 

r>3-2 

56-5 

51-5 

42-5 

48-0 

49-2 

Jjengl h of (‘luidal . . 

8*8 

l'2-O 

9-0 

11*0 

15-0 

7*8 

11*5 

11-0 

11-2 

8-5 

9-5 

10*5 

of iictid 

9-0 

n*o 

7*0 

0-0 

U-5 

7*5 

10*0 

10-0 

9-0 

7*8 

8-5 

8-0 

HeiKbt of head 

5-5 

7-0 

4-0 

5o 

7*0 

4*0 

5*5 

0-0 

5-5 

4-5 

5-0 

6-5 

Width of head 

d-r> 

8-0 

!>•() 

7*0 

8*0 

5*0 

7*0 

7-0 

0-5 

5-5 

5*5 

5-8 

Depth of body 

0*0 

8-0 

M) 

7-0 

9*0 

5*0 

7*5 

0-0 

6-5 

5-8 

0-0 

0-0 

Diaiiiftker of eye .. 

2-0 

2-5 

1-4 

2-5 

2*5 

1*8 

2*2 

2-5 

2-0 

2-0 

2*2 

2*2 

Length of Hnout . . 

3-5 

4*2 

3‘0 

3-5 

4*5 

2*'l 

4-0 

4-0 

3-5 

3-2 

3-5 

3-2 

liit(frorbital cliatanee 

2-5 

3-8 

2*2 

2*5 

3*0 

2-0 

2*5 

2-0 

2-5 

2-0 

2-0 

2-0 

Length of dorsal . . 

8-5 

10-0 

5-8 

9-0 

9*5 

5-8 

S-0 

9-0 

7-8 

7-2 

7-5 

7-5 

Length ol* pectoral 

8'. 5 

•n-2 

(>'5 

9-0 

J2*0 

7*0 

9*0 

9-0 

8-0 

7-0 

0-0 

8*0 

Length of ventral 

7*8 

9-2 

(Id) 

8*5 

10*0 

5*8 

7-0 

8-.r> 

7-5 

5-5 

7-5 

0-2 

J.(ength of anal 

7-0 

9-2j 

r>-o 

7-0 

8*5 

r»-o 

7-0 

7-0 

0-0 

5-8 

7-0 

0-2 

"Length of (taiidal 
ptid uncle. 

.5-0 

8-0 

4-0 

5-8 

5*8 

3*r> 

5-0 

5-5 

4-0 

4-0 

4-0 

4- ft 

I.fiusl height. <if 
caudal pediinele. 

5*0 

7-0 

4*5 

<J-5 

8*0 

4*0 

♦ 

fi-5 

0-0 

5-0 

5-0 

5-0 

5*2 


Callichrous bimaculatus (Bloch). 


CaUiclirous bimaculatus, Hora, Itec, Ind. Mus, XXXVIXI, pp. 356-361. 
2 specimens, 144 and 149 mm. in length. Xear the source of Xallada 
E., 4 miles east of Thenmalai, Central Travancore. C. C. John, 9.ii. 
1940. 

1 specimen, 162 mm. long, K-ulathupuziha, a tributary of Kallada 
E., Central Travancore. C. C. John, 14.ii.l940. 

Recently one of us (Hora, loc. ciL) discussed the specific limits of 
GalUchfous bimaculatus, and referred to the great range of variation 
exhibited by the species. In the specimens under report, the coloura- 
tion varies considerably ; one of the specimens is very dark all over, 
while the others are much lighter. 

Batasio travancoria Hora & Law. 

1941. Balasio travancoria, Hora and Law, Eec, Ind. Mus, XLIII, pp. 40-42, 
pi. ii, figs. 7-9, text-fig. 3. 

1 specimen, 95 mm. long. Pool at the foot of the largest fall of Perun- 
tenaruvi, a tributary of Pamba E., at Edakadathy, Central Tra- 
vancore. C- C. John, ll,ii.l940. 

1 specimen, 85 mm, long. Xear the source of Xallada E., 4 miles 

east of Thenmalai, Central Thravancorei. C. C. John, 9.ii.l940. 

2 specimens, 78 and 105 mm. in length. Xulathupuzha, a tributary 

of Kallada E., Central Travancore. G. O. John, 14.ii.l940, 

1 specimen, 75 mm. long. Chittar Stream at Palode, South Travan^ 
core. G. C. John, 10.ii.l940. 



254 


jRecords of the Indian Museum, 


[VoL. XLIII: 


Batasio travaneoria was recently described by us and remarks were 
made on tlie remarkable discontinuous distribution of the genus. It is 
known so far from the central and southern parts of Travancore. 

Mystus cavasiiis (Ham.). 

1877, Maorones cavasms. Day, Fish. Iridia^ p. 447, pL c, fig. 1. 

1 specimen, 103 mm. long- Kulathupnzha, a tributary of Kallada 

R., Central Travancore. (Collected from a pond-like accumula- 
tion of water surrounded by big boulders.) C. C- John, 14.ii.l940. 

Mystus cavasius is widely distributed in the fresh waters of India 
and Burma. The specimen under report is a male with a well-developed 
urinogenital papilla ; the free portion of the papilla being almost as 
long as the diameter of the eye. The testes are iobulated as in M. 
inalabaricus {vide infra ^ p. 255). 

Mystus malabaricus (Jerdon). 

1877. 2Ia^rones onalabaricus. Day, Fish. India, p. 450, pi. ci, fig. 2. 

193G. Macrones malabaricus, John, Journ. Bombay Nat, Hist. Soc. XXXYIII, 
p. 709. 

2 spejimens, 89 and 111 mm. in length- A tributary of Manimala 

R., Erumeli, Central Travancore. C. C. John, 20.ii.l940. 

0 specimens, 95 to 119 mm. in length. Kulathupuzha, a tributary 

of IJlallada B., Central Travancore. (Collected from a pond-like 
accumulation of water surrounded bv big boulders.) C. 0. John, 

14.11.1940. 

1 specimen, 117 mm. long. Achenkovil R., 7 miles south-east of 

Konni, Central Travancore. C. C. John, 17.ii.l940. 

3 specimens, 99 to 118 mm. in length. IsTear the source of Kallada 

R., 4 miles east of Thenmalai, Central Travancore. C. C. John, 

9.11.1940, 

3 specimens, 91 to 113 mm. in length. Chittar stream at Palode, 
South Travancore. O. C. John, 10.ii.l940. 

In Dr. C. C, John’s collection there are 15 male specimens from 5 
localities, as listed above, which we refer to Mystus malahaHcus (Jerdon). 




Text-Kig- 3. — ^External urinogenital structures in the male and female of Mystus 
malabaricus (Jerdon), Male : X 2 ; Remale : X 2f . 

The males are provided with a urinogenital papilla, the size of which 
depends upon the sexual maturity of the individual irrespective of its 
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iengtli- In immature specimens the testes are ribbon-like structures 
but become greatly enlarged and highly lobulated in adult males. The 
urinogenital duct opens at the extremity of the papilla. In the females 
the urinogenital opening is a slit-like aperture bordered by thickened 
lips. On account of these secondary sexual characters, the males and 
females can be distinguished readily. The anal opening is situated at 
a considerable distance in front of the urinogenital opening. 

The presence of a urinogenital papilla is a fairly common occurrence 
among Siluroid fishes. Mukerji ^ recorded it in the case of Glyptosternum 
reticulatum McClelland. Day (loc. ciL^ pp. 449, 450) referred to the 
presence of an anal papilla (=urino genital papilla) in the case of two 
species of Macrones described and figured by him, viz.^ M. heletius (Cuv. 

& VaL) and M, armatus Day. From among the specimens referred by 
Day to M. malabaricus, two are now preserved in the collection of 
Indian Museum ; one (No. 721) is a male with a well developed papilla 
and the second is a female (No. 504). The former is the original 
of his figure in the Fishes of India and it seems that the presence of 
the papilla was overlooked. M. malabaricus differs from M. heletius 
and M. armatus by its smooth head and other characters of minor 
importance. 

Recently Mookerjee, Mazumdar and Das Gupta^ described similar 
urinogenital structures in Mystus aulio (Ham.), but used for them 
anthropomorphic terms and by impTfcation assumed for them copulatory 
functions without giving reasons for' their views. We found similar 
organs in all the species of Gagata and Batasio studied by us®. 

M. malabaricus is known from the Malabar Coast, Wynaad Hills 
and the hill ranges of Travancore. 

Gl3rptothoirax madraspatanus (Day). 

1938. Olyptothorax madraspatanus, Hora, JKec. Ind. Mus. XL, p. 370. 

1 specimen, 101 mm, long. Pampadampara, Western Ghats, North 

Travancore. S. Jones, 12.iv.l940. 

2 specimens, 67 and 110 mm. in length. Streams within a radius of 

5 miles round Pampadampara, Western Ghats, North Travancore. 

S. Jones, April 1941. 

1 specimen, 173 mm. long. Pool at the foot of the largest fall of 

Peruntenaruvi, a tributary of Pamba R., at Edakadathy, Central 

Travancore. G. G. John, ll.ii.l940. 

In his key to the Indian species of the genus Olyptothorax, Hora * 
included O. madraspatanus in the group in which the ventral surface 
of the outet rays of the paired fins is not plaited. In the larger specimen 
under report, the skin on the ventral surface of the pectoral spine and 
that of the two outer rays of the pelvic fins form an adhesive pad of 
longitudinal grooves and ridges similar to those of the thoracic adhesive 
apparatus. It seems probable that this character, which is directly 
correlated with the rapidity of the current, is of little taxonomic value. 


^ Mukerji, B. B., Mem, Conn, Acad* X, art. xviii, p. 329 (1936). 

» Mookerjee, H. K., Mazumdar, S. R. and Bas Gupta, B., Ind* Journ* Vet* Sci 
Animal Hush* X, p. 295 (1940). 

® Hora, B, L. and Law, N. C., Bee* Ind, Mu>s, XLIII, pp. 9-42 (1941). 

^ Hora, S. L., Bee. Ind. Mus, XXV, p* X2 (1923). 



266 


( VoL. XLIll 


Records of the Indian Museiim. 

The lower lobe of the caudal fin of the larger specbnen is abiiornial ; 
it is rounded instead of being pointed and has a Y-shaped whitisli a,rea 
in its distal portion. 


Xenentodon cancila (Ham.). 

1877. Belone cancila, Day, Bish. India, p. 511, pi. cxvili, lig. 5. 

1 specimen, 222 mm. long. Pool at the loot of the largest lall <>1 
Peruntenaruvi, a tributary of .Pamba It,, iit ^]Idaka-<larthy, (JtnitM.I 
Travancore. 0. C. John, ll.ii.H)40. 

Xenentodon cancila is widely distributed in the fresh waters ol Tndiii 
and on account of its characteristic beak can be readily distiuguished 
from other kinds of fish. 

Ophicephaliis gachua Ham. 

1876. OpMocephalus gachua. Bay, Fish. Iridia, p. 367. 

5 specimens, 82 to 123 mm. in length. Streams within a nuliuw of 

about 5 miles round Pampadampara, Westorn Olia-tn, North 
Travancore. S. Jones, 12,iv.l940 and April 1941. 

1 specimen, 18 mm. long. iVCanimala B., near Kang irap pally, CoJitral 
Travancore- 0. 0. John, 26.iii.1940. 

6 specimens, 36 to 61 mm. in length. Achonkovil K., 7 miles south- 

east of Konni, Central Travancore. 0. C. John, 17.ii.l94(). 

I specimen, 47 mm. long. Kulathupuzha, a tributary of Kallatia It., 
Central Travancore. (Collected from a j)ond-]iko acscuinulation 
of water surrounded by big boulders.) C. O. Jolm, 14.ii. 1940. 

OjphicephaLus gacJiua is represented in the collection by several young 
and half-grown specimens. This species is widely distributed through- 
out the Oriental Region. 

Mastacembelus armatus (Lacep.). 

1876. Mastacemhdiis armatus. Bay, Fish. India » p. 340, pi. Ixxiii, lig. 2. 

1 specimen, 225 mm. long. Pool at the foot of the largest fall of 

Peruntenaruvi, a tributary of Pamba It., at Kdakadathy, Central 
Travancore. C. 0. John, 11. ii. 1940, . 

2 specimens, 64 and 257 mm. in length. Achonkovil It., 7 miles south- 

east of Konni, Central Travancore. C. O. John, 17.ii.l94(). 

Mastacembelus armatus is a widely distributed Indian fish ; its range 
extends as far as China. As has already been noted by Day and other 
workers, the colouration of the species varies considerably with growth, 
and very young specimens'*- of about 2 to 3 inches in length look quite 
different from the adult. 


^ Hora, S. L. and Mukerji, B. B., Eec. Ind. Mus XXXVllJ, p. 145 (1936), 



EXPLANATION OE PLATE IX. 

The Preshwater Fish of Travancore. 

Barbus (Puntius) curmuca (Hamilton). 

Fig. 1. — ^Lateral view of a specimen showing the black-tipped caudal 
and tubercles on the side of the head: X 

NemacMlus guentheri Day. 

Fig. 2. — ^Lateral view of a female specimen from Dhoni forest, S. Mala- 
bar : X ca, 2J. 

Fig. 3. — ^Ventral surface of head and anterior part of body of same : 
X ca. 2^. 

Fig. 4l — Lateral view of a male specimen from Nierolay stream, Nilgiri 
Hills : X ca. 2. 

Fig. 5. — ^Ventral surface of head and anterior part of body of same: 
X ca. 2. 


Nemachilus triangularis Day. 

Fig. 6. — Lateral view of a juvenile specimen from Courtallum, Travan- 
core ; X co5. 3. 

Fig. 7, — ^Ventral surface of head and anterior part of body of same : 
X ca. 3. 

Fig. 8. — Lateral view of an adult specimen from Courtallum, Travan- 
core, showing characteristic colouration of the species ; X 
ca. If. 
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FISHES OF THE SATPURA RANGE, HOSHANGABAD DISTRICT. 
^ CENTRAL PROVINCES, 


Bij SuNBER Lal FIora, F.R.8.E., F.N.L, Assistant Superin- 

lendeni and K. Kbishnan Nair, M,Sc., Gallery Assistant, Zooloyical 
Survey of India, Calcutta, 

In 1937, one of while referring to the distribution of Himalayan 
fishes, explained the occurrence of similar forms in the Eastern Hima- 
layas and the Assam Hills on the one hand and the south-western hills 
of Peninsular India on the other by suggesting that the Satpura Trend 
of mountains prol)ably stretched across India, as a continuous range 
from the Assam Himalayas to Crujarat from the ]\Iiocene period till 
comparatively recent times. To test this hypothesis, the Zoological 
iSurvey of India has made collections in the Raimahal Hills'^, Santal 
Parganas^, Hazaribagh Hills h headwaters of tlie Mahanadi River, 
Raipur District"^, and from the Satpura Range, Hoshangabad District. 



Ma,p of tlie *H(»sba}i^<ihacl District, Central Provinces, showing the localities in which 
collections of fish were made. 

The last locality was visited by Drs. B. N. Chopra and M, L. Roonwal, 
who made an extensive collection of fish in the small hill-streams arising 
from the Satpura Range in the vicinity of the Pachmarhi Plateau and 


1 Hora, S. L., Jfiec, Ind. Mus, XXXIX, p. 255 (1937). 
a Hora, S. L., Iml, Mus. XL, pp, 169-181 (1938). 

^ Mr. K. N. Das is preparing a report on the fish collected by Dr. H. A. Hafiz in 
the Santal Parganas during November-Decemher, 1938. 

* Das, K. N., Bee, Ind, Mus. XLI, pp, 437-450 (1939). 

- Hora, S. L., Bee. Ind, Mm, XLII, pp. 365-374 (1940). 
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lieoonls of Ike Judidit. Muscudi, 


1 You XLllt, 


from comparatively sluggish streanrs in tlie plains at Itarsi and Harda. 
Dr. Cliopra lias very kindly supplied ns the following note on the phy- 
sical features and the ecological conditions of the area surveyed : 

The Hoshangabad District^ in the Central Provinces of India lies between Ja,ti- 
tude 21° 53' and 22° 5iV N. and longitude 7G° 47' and 78° 4-:*' E* It is a long and nar- 
row strip of country stretching along the left bank of the Nerl^udda, betwecMi tlio Vin- 
dhyan mountains and the Satpiira hills, and includes parts of the; latter range within 
its Ijorders, The Nerbiidda forms the northern boundary of the District. 

“■ The drainage of the Hoshangabad District need not be considct'cd in detail but 
lor the purpose of this note it may be stated that niajn3’' streams, large a-nd' small, How 
down ironi the Satpiiras, generally in a north-westerly dii'ection, into the Nerbudda. 
The Nerbudda itself is a large ‘river flowing between somewhat steej) banks along the 
northern boundary of the District. From the eastern slopes of the Paehmarhi hills 
in the south-east corner of the District the Avater is collected in a large number of streams 
and flows into the Denwa which, after a short nortlierly course, turns due west near 
Matkuli, about 14 miles below Paehinarhi, and joins the Tawa which is the most im- 
portant tributary of the Nerbudda in this District. The western slopes of the Paili- 
marhi hills are drained ))y the Sonbhadra, which flows north to join the Denwa. An- 
other important tributary of the Denwa is the Nag Dewali, which" rises near Paehmarhi 
in the tleep gorge known as Jambudwii} and descends north-westwards thi'migh the 
hills to join the Denwa. This stream forms a series of charming cascades. The Ner- 
Imdda has several other import<ant tributai*ies also, but the only one tlmt need be men- 
tioned here is the Ajnal which passes close to Harda and joins the Nerbudda in the north- 
west corner of the District. Near Itarsi, practically in tlie centre of the District, a. 
small stream flows in a north-^\ esterly direction and joins the Dathia, ))efore it falls 
into the Norbuclda. 

“ The plateau of Paehmarhi lies at an elevation of about 3,500 feet, with the JMa- 
hadeo hills of the Satpura range forming a rugged background of great beauty and rising 
in places to almost 4,500 feet above the sea-level. The I'jlateau is formed of almost 
level or slightly undulating stretchers of grassy glades, interspersed with clumps of forest 
trees. ^ The j^revailing sandstone, which is of great depth and succumbs readily to de- 
nudation, has, under the action of water, formed a maze of gorges a nd ravines in wliich 
numerous streams flow. The j)li^teau receives a rainfall of about 77 inches a year and 
nearly the whole of it falls between June and September. The climate is rather mild, 
the average minimum and maximum temperatures ranging between 47*5° and 95*1°F. 

** The plains consist of a rich alluvium, the average rainfall is al>out 47 inches per 
amiiini and the average minimum and maximum tern T)ei’at tires at Hoshangabad \'arv 
between 71-3° and 107*6° F. 

“ The .survey was carried out in February and March, which are ])ractically the 
driest months in the year in the District. The streams in the hills, tha-t is, aro\uid the 
Paehmarhi plateau, had only a re.stncted flow, while those in the jilains had naturally 
considerable quantities of water in them. Tn a few of the former the current was merely 
in the form of a trickle and in none was the flow very rapid, except near cascade.s anti 
tails. There were pools in the course of most of these streams and rich collections wert^ 
obtained in the.se pools. The bottom for the most jiart consisted of stones and pebbles 
niixed Avith sand and clay, but in the pools and in some other parts also there was a 
lot of mud. This was especially the case in some parts of the small streams round Bad- 
kaehar. In some cases the water flowed over large rocks and boulders, some of which 
had been worn flat by the current ; this was the case in the vicinity of the Small Water 
hall, some parts o± the stream in the Jambudwip gorge and that in the neighhourhood 
ot the Pansy Pool. There Avas only a small amount of A’^egotation in most of the streams, 
except in some near Padkachar and those near Singanama. In many cases the ciountiy 
through which the streams were flowing Avas thickly Avooded ; this was especially Hie 
case Avith the streams near Pansy Pool, that near Pohrighat and tlie Jambudwip. The 
streams round Padkachar, that near Darmar and one or tivo others flowed through 
country which was tor the most part bare. The water* ixi all these streams was clear. 
In the hill-streams^ the dominant flsh at this time of the year was Garra Tdiis 

nsh was collected in practically every stream, sometimes in considerable nuinber.s, and 
Avas TO Lind even in pools Avith a muddy bottom and slow ciu*ient. Two species of aVc- 
locally known as PatliaTchat (stone licker) Avero also mot Avith practically 
everywhere, living under stones and hiding in the vegetation near banks. Another 
iish, collected in some streams in considerable numbers is Dawio aeguiplnnatus. This 
prominently striped fish Avas found to be the dominant foi*ni in streams round Padka- 

regarding phy.sical features, etc., has been taken partly from 
the Hoshangabad District Gazetteer by Corbett and Kussel (1908), and that about 
the distribution of fishes from the lists preimred by Dr. Hora and Mv. Nair. 
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c-liar. at Kohri.ojliat and in somc\streams round Singanama ; in these streams Oarra muik 
(‘ olleeted in eoni})aratively smaller numbers. Several other species also were. coHected 
in thcvso streams, tjio genera represented b-eing Parapsilorhj/nchu-Sn Barbus^ 

Ha^'bora^ Lfpidoveplidhis, and Op/dccjihala^^. 

“ The streams in the j^lains differed considerably in tlieir physical c*onditions from 
tliose described above. In most of these there was a considerable flow of water, the 
cmTent was alnggisli to moflerately swift and the bottom for the most ])art <‘onsisted 
oi’ sand and mud. with oc(*asional patches of small stones and pebbles. There was con- 
siderably more \ egetation in the water than in the hill-streams and in the Ajnal nullah 
Jiear hlarda there vais sueh a luxurious growth of algae and other vegetation in the 
stream that it required considerable efforts to wade through it. This thick vegetation 
afforded excelloiit protection to largo numbers of fisli and though ])lenty of them could 
be seen darting about from cover to cover, it was diflicult to bag them- The course 
of tliese streams lay through country ihat was for the most ]:>art only sparsely wooded, 
and in jmrts was quite bare. The water was more or less clear. Oarm was ])ractically 
absent in tliese streams and was collected in small numbers only in the stream near 
IMehragaon, close to Itarsi. J^emcfcJf iUfs was eollcctcd* in practically all these streanis, 
but of the two species found in the hills, one, N, over:ar(li^ w'as totally absent in the plains, 
while the other, N, dayi, was common throughout. A third species of Nonrtclutu^ 
N, hotlus, which was met with rather rarely in the hills, was found in fair nnnibcrs in 
these streams. There are several species that were coniinon to l^oth the localities, but 
some of these wiu'e more abundant in one than in the other. Barbels wero^ far more 
common, both in the number of species and in individuals, in the plains than in streams 
round Pachmarhi. Among the genera met with in the streams in the plains only may 
be mentioned Brachydanio, Bs'omus^ Labeo, Bolder, Oretchthys, Amhlyfcps, Xeneniodo^i, 
Btidis, Bar/uvia, Glossoyohivs, In all 26 genera were collected ; of these, nine vierc found 
in the hill streams also.” 


Descriptions of Localities with Lists of Dishes Collected from 

EACH. 

Jantbiuhvip stream, about 2 'tniles oiorth-west of Pachmarln, 9. ii. 1941. 

This is a typical liill-stream running in a deep well-wooded valley. 
The bottom is rocky or strewn over with stone and pebbles in some 
place>s and muddy in others. The current is not very fast, except in 
the regions of small falls and cascades. Portions of the stream contain 
plenty of vegetation. Here and there large pools are formed with the 
bottom generally muddy. In some places the stream flows as a small 
trickle over a bed of larne flat rocks. 


(Jarra w.'idlya (Slices) 

Length 
in mm. 

.59 — 69 

No. of 
specimens 

4 

Paraysilorhyvchus lenlaculatus (.4mi.) . . 

26—41 

5 

NrmacMl'US dcaji Hora 

26—40 

12 

Kemachilus evezardi Day 

18—52 

11 

Pansy Pool aboiitd miles south-west of Pachmarhi, 

10. ii. 1941 


The Denwa river runs in j)laces through a deep Tylmd between high 
rocJvS and forms a series of deep pools, popularly known as Pansy 
Pool 'h The current is generally sluggish but in between the pools 
rapids are formed. The bottom consists of rocks and stones inter- 
mixed with pebbles and sand. Parts of the stream are thickty shaded, 
but there is little vegetation in the water. 


Barlms {Tor) Mindree Sykes. 
Garra m^dJya (8yke«) 
KemarJiihr9 dm/i Horn. 

tvezardi Day 


Length 

No, of 

in mm. 

specimens. 

33 

1 

:^a_7G 

20 

21—57 

8 

23—28 

3 
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''Small Waierfa-lV^ al/oiU 2 nrilen eaM of Pachmar/d. IJ. ii. 1041. 

The waterfa.il is about 7-5 feet lii^h and below it there is a. tv|)i(*a.l 
liill-stieam formed of ra.pids and pools in siu'cession. bottom 

is formed of pebbles and brownish sand, and the banks are overj^j^vowit 
with ,e^rasses and forest trees. Some of the pools arc over 10 had d(M'p 
and the current in them is slimiyisli. 



h 

No. of 


ill ana. 


Bar Id us lu^iab'tists "Ham. 

4e_8r> 


Damo a<iqHipi snafus (INTdClclI.) 

r)r)-—7s 

7 

Barhvs (Pustins) darsfUls f.rerUon) 

r>:i & r>() 

2 > 

Barlnis (Punf.rus) ticto Hion. . 


r> 

Pa ra psitorlu/s eh u 5 fot (aeulafus f A iin . ^ 

:u 

1 

jV^efsarJiftus evezurdi Day 

:>()— ar) 

4 


Dartnar sLrea.m near Da-nnar vilki(/<\ hel<nv Paclhmarhi-Pijxirla Rocn/ 
about 3 miles north-east of Pachnnarhi. 12. ii. 1941. 

A small stream with a comparatively slow cairrent of clear water 
flowing over stones and boulders, and in places over sand and shingle, 
etc. In the course of the stream there are several ]>ools with muddy 
bottom and a sluggish current. There is no vegetation in the wat'cr 
but there are some tall trees along the ])anks. 




No. of 


ill nun. 

HpcMumeiis 

Uarra siidhja (Sykes) 

;>0-~78 


Jd e7riac7i'ilus dayi Hora 


10 

Xe machit us evozardi Dav 

20— :i8 

7 

dffffs around Badlcaokar, about 0 ndPs 

s- north-frrst of 

P(fvhn\arld 


14. ii. 194J. 

The streams are small and sluggish with resti’ic.ted (low over a. [)ot- 
tom of stones and. rocks. In places the bottom is rnuddv. There is 
very little of aquatic vegetation, but there are trees aloug the baaiks of 
the streams. 



lAm^iU 

No. of 


in aiai. 

. siM‘cini(‘ii 

Da n io a aq u ij ) /snafus (McClclL) 

^ir>— 70 

ro 

Parapsilorlnpichus fenfaeulafus (Aan.) . . 

22— 2S 

7 

NetsacP./lus dap/ Horn 

21- (m 

() 


Rohrujhat streav} near Rohrighat village, about S miles souilhtrt'st of Pavln 

marhi. 15. ii. 1941. 

A small, comiJaratively sluggish strea.m ninuing on two si<l(\s of Mu* 
village. In places the stream runs through op<m (*ouiitrv wiihonf- anv 
shade, while in other places the hanks are very thickly wo(»d(vL Inhere 
is very little aquatic vegetation. The bottom is inosily rnuddv, bnt 
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in places tliere are lots of stones, 
its course. 


fiariliia^ henddis'is Ham. . . 
Dank) acqui pinnat afi (.McGleU.) 
kadtnra da n kaai t a s* ( Ham. ) 
(iftrra inaUya, (Sykes) 
y (')n.(ic]illuH da.yi Horn 
Oplurf- f)lfah(-^ (tarhan Ham. 


The stream foxniis several pools in 


fjcngtli 

No. of 

in mm. 

spoeimeiis, 

105 A 110 

2 

4:2— SG 

(U 

07 

1 

4:i-— 75 

7 

:>:i— 70 

12 

J:20 

1 


Choka nullah 'near Si}nianwina on the PacliinarM-Pipurut Road, ahoul 
14 nriles from PaclDnarlii. 48 & 20. ii. 1941 . 

A small slugjni;isli stream Avith a muddy bottom, whick is strewn 
over with rocks in places. Pools in the course of tlie stTcam are almost 
stagnant and have a lot of algae and other aquatic vegetation. The 
bottom consists of black mud, mixed witk sand. The water is generally 
clear. Tliis stream joins the Denwa a little below Singanama village. 



J.engTli 

No. of 


in mm. 

specimens. 

Hat'ili UH hendedisk Ham. 

•• 

Several young 
s}3ceiniens. 

-Datiio avqnipl'nna.tHy^ (M'cClc‘11.) 

40—72 

11 

JOtfihora. danironhi^'i (Ham.) . . 

41— 7S 

7 

Harhan (Puakas) donsaUs (Jordon) 

■14 

I 

Jifirtiss (Fuidias) tirfo Ham. 

:i2— oa 

5 

IlarhaH {Tor) khiidrre Sykes. 

05 57 

»> 

( lavra nifdlya (Sykes) 

57— G5 

5 

Lf'j)idorephah(fS' enmka (Ham.) 

GO & 66 

•> 

NiOHarh'das dayl llora 

66 

1 

Opfdccjdialan ffackaa Ham. .. 

85 & 88 

o 


Denira river near jSin(/a)ta/)^a, on- Pachm arid- Pi panda Road, about 14 
iniles from Paehmarld . 19 & 20. ii. 1941. 

The T)emva o])ens out into a Inoad stream of clear water flowing 
over a l>cd of sand, with large rocks her^? and there. The water is clear 
and there is very little aquatic vegetation. The current is moderately 
swift. On the sides of the river there are isolated xrooLs. 



I.en.ut li 

No. of 


in mm. 

spe(‘imens 

JlarUins headvdsiH Ham. 

27—08 

58 

J)ank> avqHi pinvalu^^ (McCGell.) 

16—70 

5 

Ilashora daaicomus (Ham.) 

»S & 75 

-2 

Barhun [Pantiu)^) pmnavralna (Day) 

82 

1 

BarJivn {Ptnilues) lirto Ham. 

25—47 

5 

Jiarhns (Tor) tJiudrpr Sykes 

20—68 

27 

darra nivllya (Sykes) 

56—80 

0 

(lavra rfoiyla (Gray) 

(>5 

1 

SmiachnuH hot fas (Ham.) . . 

76 

1 
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3G(i 

Mah<(bir imllah, }uhI bcdmid the Jirst JJonsr af on P(f(dnnor/ii - 

Piporia Road, J4 Puchoiarhi, 20. ii. 1941. 

The millah consists of Bmall, isolated pools with a small tri<4<h* (»f 
water flowing’ in between them. The bottom consists of rocks and 
stones with patches of sand and darkish niud'. Tin' water is (4<‘ar. 
Tlicrc is no a({iuiti(* vegetation. 



laMCit h 

N<». of 


in mm. 

HptMinu'UM. 

lUiriliifH b( n.dt4A,Hi'< Kaiiu 


ScytM’a 1 yoiitif.* 
snocinumK. 

L'iinio ae<piiphivatu^^ 


30 

Mioiboro danico)ii K.s (Ham.) . . 

g)— <>i 

17 

JJrirhys jiiiniaffral/is {\)i\y) 

91 

1 

liftHoi.'i {Jdt uinh<') //or.Wcs* (Jc*r<t)ii) 

r>o & iu 

•> 

Harbus iPioitiud) tirfo Ham. 

40 --(){> 

5 

(narra inidh/a (8ykos) 

r>() (S: ()I 

2 

f.ppidocfphaliffi (/unfm (Wiou.) 

(>“) 

*1 

Xeniachilw^i daifi Hora 

SS c'l' 45 

2 

Maclhlimim or Machha streain- about 11 miles north of Pi pari a 

(Did luidi'r 

Raihvay bridge close to Railway Station, 

22 & 23.. ii 

. mi. 

A small stream of clear water flowing slowdy 

over a, bed of sand aaicl 

clay. The vegetation consists of algae and grasses. 



Lenarth 

No. t)f 


in mm. 

spcfimenH 

JJurth'KS hcndelisis Ham. 

45—71. 

34 

Bmcliydanio rcrio (Ham.) 

22—30 

43 

Rashora daniconius (Ham.) . , 

69 

1 

Barbus {Pnvtius) tlcto Ham. 

25 & 27 

2 

LcpidoccphaluA ouMea (Ham. 

45—71 

J9 

Nomachiliis dayi Hora 

26—32 

6 


fSiream near MeJira village, abont 1\ ndlcH from liarsi, 24-2(3. ii. L94I. 

It is a small sluggish stream rnnning over a bed of grave! and mud. 
The banks are muddy and steep in places. Tlie water is somcwlnit 
turbid and harbours large r|uantities of fllamcntous algae. 



LejurtJi 

No. o 


ill mm. 

.sfH‘cim<* 

( lifda clU'peoide-^ (nioch) 

63 V 7 1 

-) 

Jjfoib'ucn lauhvea (Ham. 

m 

1 

Brachydmdto Tprio {Hum.) 

25 -2S 

11 

fkotio avqtt'ipinnnias (IVTf( 'Jell.) 

47 

I 

PmniHs danricus {Htxm,) 

37- -41 

25 

Basbora. daniconius (Ham.) . . 

4i~-67 

T 1 

Barbus (Puntius) chrysopouiu (JanJf)ii) . . 

J 17 A' 126 

2 

Barbus [Puntius] dorsalis (Jcnlon) 

41 

1 

Barbus {Puuti us) sophorv Mam. 

35 - 4S 

4 

Barbus {Puufius) firfo Ham. 

32 - .5S 

49 

Barbus (P uni las) fifius Ham. 

59 - 81 

9 

Barbus {Tor) Mud rue vSyk(‘s 

104 

1 

(Jarra mul/i/a (SyJio.s) 

63 91 

5 

Labeo hofjgtd (S;v'kc*s) 

S6- 97 

3 

Rohtee. cotio (Ham.) 

50- -58 

7 

J.cpidocu'pltahis (junffa (Ham.) 

52-— ( >7 

10 

Xfumrliilus dayi Worn 

37- -54 

4 

Mysfus riffalus (IHooli) 

65 SS 

17 

i pJtfthi'i (fuch ua Ilam. 

67 130 

1 

OjddiAt iihaln.'^- puuchaus |’lo'*h 

80 145 

9 

i ilosHogobius (jiuris (Ham.) , . 

28 6.") 

21 
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Nerbnddu river near Handia, aboul 13 miles north of Ear da. 27. ii. 1941. 

A largo river of clear water, flowing over a bed of sand and clay. 
There is a large naml:>er of rocks and boulders on the bank Avith pools 
in betAveen them. Near the edge, there is a growth of grasses and algae. 
The bottom of the pools is muddy. 



Leng’l li 

No. of 


in imn. 

specimens 

Barbns {Piod.liis) ticio Mam.. 

15—22 

12 

Barbus {'l or) L'hudrea S^ykes . . 

.55—45 

5 

Nrniar.hilns dayi Hora. 

2(5—50 

4 


Tvnumii mdJah on, the Tlmami Road, a little south of Ear da. 28. ii. and 

2. iii. 1941. 


The nullah forms a. brancli of the Ajnal river, and is a fairly large 
stream of clear water, floAvitig over a bed of clay mixed Avith sand and 
gravel, liysome })laccs the bottom is stony. The vegetation consisting 
of grasses and algae is quite abundant in the shallower parts of the 
stream. The banks are fa irly steep. 


JiarUies \i-i\ix\. 

limehyda a lo ren'o ( H a in . ) . . 

Ihmlo (iMfCMell.) 

(jnndtu.'i) rhrymponm (.((‘vdna) . 
Huthvs (Pn/aiH,s') coerhovhiM (Ham.) 
lUohus {Pun tins) dorse/ (tfordou) 
liarhns {Pnnflns) (jmjanlo (Ham.) 
Harbss {Pn'idins) plnnaaralns (Day) 
JPtrhfts (Pioif/ns) tirlo JCani. 

Barhns {Pmdius) li/ins Ham. 

P((}'/h(s {Tor) hhndrvr S\'k<*s 
(torre itnnllya (Syktss) 

Ldhm /)()(/,/((/ (Sykt'H) 

Orolchthys c.osHalus (Ham.) 

Hohirr. ratio (Ham.) 
hvpidocrpJudns tjunka (Ham.) 
Xrniachitus dayi Horn 
S' rmarhi/ns hofin.s (Ham.) . . 

Jlys/its riffatus (BIocli) 

.iinbli/ceps masf/ois (Ham.) . . 
Xonvntodon- ranalla (Ham.) .. 

M aster rndeins armafns (Lacap.) 
JMastarendfvhis panralns { I in m.) 
Ophirr.phalss (fachna- Ham. .. 
tiadis badis {Wixrn.) 

(dossof/otd ns (j/nris ( Ham.) . . 


Lemrih 
ill mm. 

:V2-^\ 1 1 

!>()— ;h 

AS 
JSO 
A8— (H- 
7(5 
tl 

71— so 

28—65 

84 

89—07 
-15—00 
57— 05 
4-1- 

57— 71 
:37 

2n — (>o 
47 

S5 — 00 
25— 14 
7() & 108 
95—148 
70—85 
4.12 
54 

58— 107 


No. ot 
.spec*! mens 

14 

5 

1 

1 

10 

L 

J1 

0 

s 

1 

4 

7 

12 


1 

26 

1 

5 

a 

2 

4 

5 
1 
1 
.5 


d hud nullah near the llalhmij brulqc about 2 nrdes 

■ 1. iiil 3 941. 


soxdhr'ioesl of Ear da. 


A fairly large strea-ni of (dea,r water, running l)etween steep banks 
over a bottom consisting mostly of small pebbles, etc., mixed with 
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Hand and mud. The current in fairly nwift. liurue rnaHHCH ef 
were found ^rowin^ in tlie water. 




Nth tif 


ill imu. 

HpccimmiH. 

NolA}pt(‘.TUH •Holoplonw (UallnH) 

200 

1 

JiarllinH IxtuiiViHhH Hjun, 

, . 

Several > tmng 

Ddjilo aeq'i(ipini{(Ui(H (Mc(^lell.) 

m 

t 

Iktrhus (lOaUiius) dormilU (Janlotk) 

71 

1 

Bafhm {Paniiux) pmmmmtus (Day) 

8(^ 

1 

Harhns {Puyitlns) Beta Unui. 

ncy- ■r>r> 

44 

BnrhnJi (Tor) khudree Sykon 

71—142 

8 

(Jana miillya (Syken) 

70—88 

7 

Labeo hoggut (Sykes) 

105 

1 

Lfpidocephalaa (jimtm (Ham.) 

44.^.r>'7 

5 

Neimchihm dayi Horn, 

27—00 

14 

Xemachilus botiu,<i (Ham.) . . 

50—71 

4 

Xftmntotlon eancila (Ham.) . , 

51 

1 

Mastacomhol'iis araintus (Ijae6}).) 

70—100 


OphicL'phahis punctatus Day 

190 

1 

(Bossogobius giaria (Ham.) . . 

98 

1 

Midhd nullah near the Railway bridge, about 

2 tailed south-^cest of Harda. 

3. iii. 1941. 

The stream is about 40-G0 feet wide and 

2-5 feet deep. 

The current 

is sluggish and the vegetation consists of reeds, etc. The ])ottom con- 

sists of coarse sand and large stones here and there. 



Lcn<4Ui 

No. of 


in mm. 

HfieeinU'Us. 

Pasbora dan icon las (Ham. ). . 

40 

1 

Barbus {P untins) ginjauio (Ham.) 

.‘14—48 

7 

Barbus (Puntius) pinnaurafus (Day) 

80 

I 

Barbus (Puntius) lie to Ham. 

22—51 

7 

J^arbus (Tor) khndree Bykes 

85 

\ 

Oreichthifs cosuatus (Ham.) . . 

50 — m 

1 I 

yeniaehtlus boil us (Hum.) . . 

55— (>() 

0 

Mijsfus nit fat us (Bloch) 

84 

1 

Laynma reheiroi Horn 

21 cX: 28 

2 

JMnstacoubclns annaius (La-cej).) 

88 

1 

Xandus naudus (Ham.) 

108 

! 

Bails bails (Ham.) 

18 — 10 

(> 

(Jlossof/oblus giurls (Ham.) . . 

:}7 

I 

Fishes purchased from markets at ^andki ami Harda 

. 

Purchased in tlie market at Sandia, on 

iliver Ncr))ud( 

la,, 12 inilcH 

from Piparia on 21, ii. 1941. 


L(‘ii^*t li 

No, <»r 


In mm. 

s|)<'eimens 

Mysius cavaslus (Ham.) 

108 

I 

Myslus vlttatus (Bloch) 

75 -...80 

5 

Purchased in tlie market at Harda on 28. 

ii. 1941. 



k<‘ngtli 

No. of 


in mm. 

.^preinKniK 

Mita panhmntata Val- 

, 152— lOO 

:$ 

Maskicemhelm armatus (XAi\o€\n) 

277 

1 
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H Y s'r KM A r}v A t '( K ) u n t . * 

I'lu* <u)llm*tJojj. untler report eumpri.ses .I,1G7 BpecimeiLs belonging 
to 40 Hpe<*.ieH. The Mynternutie. position of the species is shown in the 
following table : 


Ki ini i ly Xi )'!’ < a *'r Minn a m , 

1 , (PiillaH). 

tViaily <jvf»FtrNii>AM. 

Subf aiu ily A HJiA M I /> / A’ a A’. 

•J. ( UiHa, dicpeokim ( 
a. finifmeti (tlam.)' 

I hfarn ily It AH ho HJ A H. 

4 . Ikf riling Oenddm'A J nTn , 

A, Hr achy dank) rerio (Ham.)* 

e. Daaio (lexpdpinnaUts (McCJI^ill.). 

7. Hminm danric.m (Ham.). 

5. iltfshora daidconiif/^ (Karin). 

♦Subfamily OypRi NJ nJe. 
a. Barbit^ (Hirniim) chrysopoma ('iiv. 

& Val. 

10. Barbus (Puntim) CMUchonim Ham. 

1 1. Barbus {Puntiua) dorsalis (Aerdon). 

1:J. Barbus {.PunliU'S) guganio (Ham.). 

Hi. Barbus (FnnMus) pinnmiratus (Day), 

14. Barbus {Bmdins) sophore Ham. 

15. Barbus (Puntms) ticto Ham. 

16. Barbus (PiinHus) titi us "klfim. 

\^/ Barbus (Tor) khudrcp. SykeB. 

ilarra muUya (Sykt^s). ^ 

rIO. (larra golyla, (Gray). 

21). P ara psil or hy fichus ienlacukdus (Ann.). 

21. Labeo boggul (Sykes). 

22, Oreichthys c<)Sitafus (Ham.). 

22. Pohtcc. mllo (.Ham.). 


I^^iin ily ( lo B IT £.i>A K . 

24. Lcptdoceplailus (juntea (Ham.). 

25. Namachilus bolius (Ham.). 

26. N cmaahil'us dayi Hora. 

27. Xcmachilus cvszardi .Day. 

Family BAaax da k . 

28. Alysi'us cavasms (Ham.). 

26. Myshis viUalus (Bloch). 

20. JHta paimnentaki Val. 

J^^amily Amblyi ^ kimda b. 

2 1 . ,4 hf blycfps ^msigois (Ham.). 

Family Sisorxdak. 

22 Laguvia ribeiroi Hora. 

Family BEiiONXDAE. 

22. XsncModon cawila (Ham.). 

Family Mastacembblidak. 

24. Mastaoembehis artnatm (X^acop.). 

25. Mastacembelus pancalns (Ham.). 

Family OPHiOEBHAXADAii:. 

26. Ophicephalus gachua Ham. 

37. Ophicephalus punctaUis Bloeh, 

Family Nan didab . 

28. Nasuims nmidus (Ham.). 

Xf’amily BjiiSTODisin da k , 

20. Hadis badis (Ham.). 

Family Gobiidak. 

40. (Ilossogohkis f/iwri>j|(H'am.). 


Of the 40 species listed above, 26 belong to the order Cyprinoidea 
(22 Oyprinidae and 4 ( V)bitidae), 5 to the order Silnroidea (3 Bagridae, 
I Amblycepidae and I Sisoxidae), while the remaining species are dis- 
tribute<i among the families Notoptoridae, (1), Belonklae (1), Masta- 
('.embelidae (2), Ophic-ophalidae (2), Nandidae (1), Pristolepidae (1) 
and Oobiidac ( I ), With the exception of a few species of carp-minnows, 
ail others are fairly well known and do not call for any comments from 
a systematic point of view. However, a few remarks are necessary 
on Danio aequipinnaiun (McClelland), Barbus (Puntius) chrysopoyna 
Cuv. & Val., Nemiahilns dayi Hora, Amhlyceps mango%s (Ham.) and 
Laffuvia ribeiroi Hora. 

From a y.oogeographical point of view the occurretice of Amhlyceps 
and Laguma in the Hoshangabad District shows the affinities of the 
fish-faxma of this region with that of the Assam Hills and the Eastern 
Himalayas. The former genus has been obtained from all the portions 
of the Satpiira Trend surveyed by the Zoological Survey of India, while 
Lag^tvia was collected only in the Rajmahal Hills. The presence in 
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iJre (‘-ollectioii of Jonns, auvh aw Barim.s (Boitiim) donalL^ (Jerdcm). 
Garni nmllya (Sykes) , PinapdMiyncJmi^ IrnfacuMu.<4 (A uii . ) , Laho(f 
hoggut (Sykes), Nmmchilus dayi Horn, N. emzardl Ihiy and Mlia pam- 
menlata VaL, shows that the fisli-fauna of tin's ipart of the Batpiinis 
is closely allied to the fainia of the Western Ghats. Some, of tlnsse 
species, sucdi as Pampsilorliynohi.^ leMitculahis^ Nvanithiki^^ rvemrdd 
and. Rita farvmmfufa, were not found in the Sihaava. raaiM'e. llaiit)ur 
Districts The reraiiining species ai.re widely distributcid in .India*, aind 
aire, therefore, of little si^nificuuiee in u, >:oo<i;’e(>gri*.phi(*al distnission. 
These studies lurve clearly shown that the Satpura, Trend of moun- 
tains roust ha.ve, at not a. very remote period, aeded a.s a. higl,ivv"a.y foi* 
the dispersal of the Eastern Himahiyan and Assam forms i<> the Wt'nStern 
Ghats and that the Ga.ro-Rajmahal Ga.p is only a. (*.omparat-ivcly recent 
feature in the physiography of India, Further, it is also (dear that 
there miust have been a. continuity of waterways l.)etween the Western 
Ghats and the Batpuras of the Hoshangabad Distric't not very long 
ago as can be inferred from a large number of i<lenti(‘al speedes of limited 
range that are fouml in both the regions. 

Though in his studies on ' The 'Distribution of Vertebrate Animals 
in India, Oeylon and Burma \ Blanford*^ atta(*hed little importam-e 
to the distribution of freshwater fishes, it is significant that he had also 
come to similar conclusions as stated above from the distribution of 
other types of vertebrates. In describing the pecidiarities of the fauna 
of the Indian Peninsula, he stated : 

The majority of the genera named are typically forewt forms ; the HpocioH of tlu^ 
Bihar-Orissa area are, with' very few exceptions, the same as those of Mialahar, and 
may have iTihal)ited the whole of {^^outhern India before the forests of the Deccan and 
(Carnatic were cleared. One circiimstanco seems strongly to support this view. There 
are two kinds of Anlhracocero^ in India, one of which inhabits Ceylon and the Western 
or Malabar coast as far irorth as Katnagiri, whilst the other inhabits the lower Hima- 
lajras and countries to the eastward. Neither is known to bo found in the Deccan or 
(iarnatic. The two meet in the Bihar-Orissa area, the Malabar form to the south, tlu^’ 
Himals,yan to the north. It is scarcely probable that the southern species would exist 
in the area unless it once ranged over the country intervening betw'^een ("Ihutia Nagpui* 
and Malabar. In the same manner the sonthern. grackle {K'tdahfifi reJigiom) meets tlu' 
Himalayan and Burmese grackle {K* infermMia) in the same area, but Is not known 
to be met with in the Decc^au or Clarnatic tracts. 

That the differences between the Bihar-Orissa province and the adjoining pro- 
vinces of the Indian Peninsnla arc not ancient is, 1 think, shown by the a.bsenc(‘ of diw- 
f inctive genera amongst the i*optiles and batrachia."' 

With regard to the value of freshwater fishes in zoogeograpliic^nl 
studies, Blaiiford {loo. eit.., p. 843) stated : 

The evidence afforded, by freshwater fishes varies so much with the prcscin*c or 
absence of suitable habitats, such as lakes and rivers, that it is generally, I think, only 
"applicable to large areas.’^ 

The distribution of hill-stream fishes, such as jlmblyceps, Laguvia, 
Garm, ParapsilorhynchuS:, Nemachilus, etc., can only take place along 
hill ranges, so there is hardly any necessity to contemplate vast level 
tracts of the country to be once covered with forests in order to explain 
the distribution of any genus occurring in the Peninsula af India on 
the one hand and the hills of Assam and the ‘Eastern Himalayas ori 
the other. Such a continuity of hill-rxinges was provided by the once 

^ Hora, B. D., Jier. Jnd, XLri, pp. a65-a74- (1940). 

^ Blanford .W. T.,* Phil. Tram. Hoy. Sor. Londmi (B) CXCIV, p. S92 (1901). 
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(LxU^tisivi^ Hnifnim Tmml^ wliioh Btratchad from the Aasam Hmialajas 
Wentarn (JhatR in the west. We believe that the 
Saipiini Trend not only provided a highway for the di.sper«aJ of the 
Ho-(*nlIc^d Miilnyan ftHhea to Pmimuhr India, but also served as a route 
hn* the forentdoving forma among other groups of vertebrates that 
show a similar discontinuous range of distribution. 

Dimio aequipinnatus (McClelland). 

IS78. Ihttdo (uqulplnmafur^ Day, Fiith. India^ p. 596, pi. oL, 6- 

fn 1934, Hora and MukerjP gave an artificial key to the species of 
Danio and distinguished three closely allied species by the following 
(diaracters : 

r. A well-defiaed black mark neax* upper angle of gill- 
opening. 

A. Lateral bands breaking up anteriorly to form a 

mottled pattern. L. I 37 ; L. tr. 10 (7i/2i) . . D. strigillifer Myers. 

B. Lateral bands not breaking up anteriorly to form 

a mottled pattern. Several well marked and 
uniform lateral bands. L. 1. 34-36, L. tr. 10 or 11 
(7i/2i or 8|/24) . . . . . . . , . . D. aequipinnatub^ 

(McClelland). 

II. Black mark near upper angle of gill-opening absent. 

L. 1. 32-34 ; L. tr. 1 1 (84/2|) . . . . . . . . D. malabaricm (Jer- 

don). 

In 1937, Hora*^ recorded D. strigiUifer Myers^ from Southern India 
and commented on the discontinuous range of distribution of the spe- 
cies. Jn the material under report we have all gradations of colour 
and sc‘,ale counts and find that the three species mentioned above cannot 
be distinguished from one another on any reliable character and should, 
therefore, he regarded as identical. E.ecently Hora and Law^ found 
tha,t th(>: sj)C(*,imens of Danio from Travancore were D, aequipinnatus 
and thjit D ‘}>ialahiinc/f(s Tuust be regarded as a vsynonym of this species. 

.1 lie South Indian specimens of D. acqudpinna(‘us grow to a larger size 
than those louml in Northern India. 

Barbus (Puntius) ebrysopoma Cuviei and Valenciennes. 

IH7H. Httrhufi rhrymponut, 1)jvy. Ind'ut^ p. 561. 

Uiuhu- tlu^ description of Ba.rhm pimmmmiiw. Day {loc. cif.., p. 562) 
stated that " 1dns ioriti \B, pinn(vuTalu.s\ and B. (‘kryaopoma may be 
niendy vaTieti<*,s oi a- singh*, spi'^c.ies, while jB. sarana is closely allied”. 
According it) Da,y s d<‘H(‘ript.ions of B. ehryHopoimi and B. pinnaufatus, 
the two Hp(Mnc^s (‘an b(‘. distij^guished by the numlxir of predorsal scales 
- 1 2 in tlu* i<H‘nuu‘ and lO in th(‘. latter. Kundara Itaj^, however, found 

* Harm iS. L., I mL XX XIX, p. 255 (1937); Pror. Val. hiM, SvL Indid 

IV, p. 405 

* L.iuid Muk**rjt D.IK, //u/. XXXVU p. 134(1934), 

» Makcrji (Jouni, Hemhttj Xaf. /IiMf, Sor. XX XVI I, p. 76, 1931) huK given rcaHoim 
to »how that Hegimti />a/n*o hnm'f hid. M it*H. I, p. 395, 1907) ejinaot, be reganleil 

aw h .sjH'eieM diMfelltet lr«mi IK m >ptlpininttufi (Me(‘leU.). 

* Bora, H. L., Iio\ huL Mur.. X \ M\, p. in (1937). 

» Mycr«» ih H., Amrt. i/e.v. Xnn'tith.% Xo, 150, p. l (1924). 

« How, H. L, ttiid Liov, N. (5, IPr. h,d. Mkm. XLUL p. 243 (1941)- 
^ Elih B. Huwh%nu hM, 4/ev. XU. p. 254 U9I6). 
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that besides other characters there arc 10 to 12 rows of predorsal H(*ales 
in the specimens of B, chrysopoma from Madras and remarked : 

“ The above particulars show that Madras exauiples coml>ino the e.haratrterK ol the 
three species, B. sarana^ H. B., B. chrysopoma^ 0. and V., B» pinnanratttSy Day, all <u 
which according to the Bauna of British India mny ocnnir in Madras.” 

In the limited series of specimens that vve have cKa.niinc<l 5 it has 
been possible to distinguisli B. pimimiratns from /i. chrysoponnt by tlni 
number of predorsal scales , but there seenrs no doubt th.at tlie three 
species mentioned above along with B, ctmdinharfpncUus Blytli turd 
B, sewelli Prashad & Mukerji form a series of very closely allied species, 
the specific limits of which are by no means well defined* 

Nemachilus dayi Her a. 

1935. Nemachilus dayi, Hora, Rec. Ind, Mu$. XXX VII, p. 57. 

1938. Nemachilus dayi^ Hora, Bee. I'fid, Mus. XL, p. 240. 

1938. Nemachilus dayi. Das, Bee. Ind. Mus. XL, p. 447. 

Nemachilus dayi is represented in the collection by a large number 
of young, half’grown and adult specimens. The colouration is very 
variable. In young specimens the lighter bands are almost as wide 
as the darker ones and the dorsal and caudal fins are provided witli only 
a few rows of spots. The characteristic colouration of the species is 
assumed in specimens about an inch and a half in length. From the 
large series of specimens now examined, it seems that the examples 
referred by Das (loc. cit., p. 446) and Hora^ to N. denisonii are rcfcral)le 
to this species. 


Amblyceps mangois (Hamilton). 

1933. Amblyceps mangois, Hora, Bee. Ind. Mus, XXXV, pp. b07-G21, text- 
figs. 1-7. 

1940. Amblyceps mangois, Hora, Bee. hid. Mus. XLll, p. 374. 

The occurrence of Amblyceps mangois in the streams of the Hoshauga- 
bad District is of special significance. During the survey of the Satpura 
Trend, it has been collected from all the hilly districts and its range 
has thus been extended considerably westwards. 

The specimens under report are juvenile. The caudal fin is deeply 
forked and in some the lobes, especially the upper, are greatly drawn 
out and pointed. The adipose dorsal is relatively short and low, 

Amblyceps m,angt>is is found along the Himalayas, hills of Assam, 
Burma, Siam, the Malay Peninsula and the Satpura Trend of mountains. 

Laguvia rlbairoi Hora. 

1921. Laguvia riheiroi, Hora, Bee. Ind. Mus. XXII, p. 741, pi. xxix, fig, 3. 

1938. Laguvia riheiroi, Hora, Bee.. Ind. Mm. XL, p. 179, text-fig. 5. 

Laguvia ribeiroi was originally described from a single specimen 
collected from the Khoila River, a tributary of the Tista River in the 
Jalpaiguri District. Two more specimens of this remarkable catfish 
were recorded from the Morel River in the SantaT Parganas. The 
occurrence of the species in the Hoshangabad District is of great loo- 


^ Hora, S. L., Bee. Ind. Mus. XLII, p. 373 (1940). 
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;ti,’eographi(‘-?i,l interest as showing the probable continuity of the Satpura 
Trend of mountains v\dt}i the hills of Assam and the Darjeeling Hima- 
layas at a not very distant date. 

It has been pointed out by Hora (loc. eit.^ 1938) that L. ribeiroi can 
be readily distinguished from L. shawl by the nature of the dorsal spine 
which is serrated anteriorly in L, ribeiroi and is smooth in L. shatoi. 
Jn the cliest region, there are foldvS of skin wliich form an adhesive appa- 
ratus similar to that found in species of Glyptothorax Blyth. Recently, 
Hora and Gupta^ described similar corrugations in L. shawi. 

Summary. 

The oolleofcion coinpris&s 40 alroady known species. A note on tke pUysioal fea- 
tures and ecological conditions of the area from, which the collection was made is added. 
Short descriptions of localities with lists of fishes collected from each are also included. 
A reference is made to the zoogeographical distribution of Amllyoeps and Laguvia, the 
Eastern Himalayan forms, and of Parapsilorhynchm, Neyn%chilm eoezardi, Rita pani- 
mentata, etc., of the Western G-hats. The significance of the Satpura Trend in the dis- 
tribution of Malayan forms to Peninsular India is discussed. Notes are appended 
on Danio aequipmnatm (McClelland), Barhua (Payitma) ohryaopoma, Guv. <& Val., Nema- 
chikts dayi Hora, Amblyceps manyois (Ham.) and Lagavia ribeiroi Hora. 


Hora, S. L. and Gupta, J. C., Joarn. Roy, As. Soo, Bengal (3) VI, p. 5, 1940 (1941). 



RECORDS 

of the 

INDIAN MUSEUM 


Vol. XLI¥, Fart I, 1—14 


Notes on Fishes in the Indian Museum. 

XLil. On the Systematic Position 
of the Indian Species of 
Scaphiodon Heckel. 

XLOL On the Systematic Position 
of Cyprinus nukta Sykes. 


By 

SUNDER LAL HORA 


CALCUTTA: 
^^ARCH, 1942 



Reprinted from the Proceedings of the National Institute of Sciences of India, Vol. X, 
y No, 4, pp. 428-^439, (1944), 


ON THE MALAYAN AEEINITIES OF THE FRESHWATER FISH FAUNA OF 
PENINSULAR INDIA, AND ITS BEARING ON THE PROBABLE AGE 
OF THE GARO-RAJMAHAL GAP. 

By SuNDEE Lal Hoea, D.Sc,, F,R.S,E,, F.Z.S,, F.B,A,S,B,, F,N.I,, 

Director of Fisheries, Bengal. 

(Bead August 28, 1944.) 

Contents. 

Page 


Views of Gunther and Day . . . . . . . . 423 

Views of Blanford . . . . . . . . 426 

Recent Advances in the Systematics of Fishes of Peninsular India 427 

Factors influencing dispersal of Torrential Fishes . . . . 428 

Geological Age of the Fish faunas under cpn^deration . . 429 

Explanations of Malayan Affinities of the %hth Indian Fauna 429 

Recent Surveys of the Fish fauna of the Satpura Trend . . 430 

Geological Age of the Garo-Rajmahal Gap .... 431 

Origin and Dispersal of the Fish fauna of South-east Asia . . 432 

Summary . . . . . . . . . . 433 

References . . . . . . . . . . 433 

Discussion . . . . . . . . . . 434 


Views of Gvnthee and Day. 

In the eighties of the last century, two eminent ichthyologists, Gunther (1880) and 
Day (1885), referred to the geographical relationships of the Indian freshwater fishes 
and surprisingly enough came to entirely different conclusions. Gunther (loc. cit., p. 225) 
was of the view that ^ There exists a great affinity between the Indian and African regions ; 
seventeen out of the twenty-six families or groups [of freshwater fishes] found in the 
former a!% represented by one or more species in Africa, and many of the African species 
are not even generically different from the Indian’. After analysing critically the facts 
and figures i adduced by Gunther, Day (loc. cit., p. 317) asserted that Hn India, as restricted, 

I found 87 genera of freshwater fishes, of which only 14 have representatives in Africa; 
while among the 369 species of which these genera are composed, only 4 extend to Africa* 
If we examine the relationships of the same fauna in this restricted Indian area we find, 
of the 87 genera, 44 extend to the Malay Archipelago, and of the 369 species, 29 ^ are 
present in both localities’. 

The four species stated by Day to be common to the faunas of India and Africa 
are Discognathus lamta (Ham.), Cyprinodon dispar (Ruppell), Oobius giuris Ham, and^ 
Fleotris fusca (Bl. and Schn.). The African specimens referred to the first species were 
found by Boulenger (1901) to be specifically different from the Indian examples and for 
these he proposed the name D. blanfordii. Moreover, the .range of Garra lamta (Hora, 
1921) is now known to be restricted even within the limits of India. Cyprinodon dispar 
is a species of the Middle East ; its range extends from round the Red Sea and Persian 
Gulf to Cutch and North-Western India. The other two species, G. giuris and E. fusca, 

1 The ‘Indian region’ of Gunther includes: ‘Asia south of the Himalayas and the Yang-tse-kiang, 
and the islands to the west of Wallace’s Line’, while Day’s ‘India’ includes ‘India, Burma and 
Ceylon’. 

It may be noted that Gunther’s views are based on the distribution of families, while those of 
^ Day on the distribution of genera and species. 

2 Repeated checking of Day’s lists has convinced me that there are only 22 species of freshwater 
fishes which are common to the faunas of India and the Malaya region. It is probable that 29 is a 
misprint for 22, 



424 


S. L. HOBA : ON THE BIALAYAN ABEINITIES OE THE 


enter tiie sea and are, therefore, widely distributed in the Indo-Pacifie region. It is thus 
seen that the four species enumerated above are of little value in establishing any affinit}' 
between the freshwater fish faunas of India and Africa. If, however, we compare the 
lists of genera, as recognised by Bay, which are common to India and Africa, and India 
and Malaya respectively, we get a clear picture of the relationships of the Indian freshwater 
fish fauna. 


Gammon to India and Africa. 


1. 

Notopterus Lac6p. 

8 . 

Eleotris Gronov. 

2. 

Barilim Ham. 

9. 

Gobius Artedi. 

3. 

Ba^bora Blkr. 

10. 

Feriophthahnus Bl. and Sch. 

4. 

Barbus Cuv. and Val. 

11. 

Ambassis Cuv. and Val. 

5. 

Laheo Cuvier. 

12. 

Mastacemhelus Cuv. and Val 

6. 

Olarias Gronov. 

13. 

Discognathus Hockol. 

7. 

Eaplochilus McClell. 

14. 

Cyprinodon Lacep. 


Common to India and the Malayan region. 


1. 

Notopterus Lac6p. 

23. 

Bagarius Blkr. 

2. 

Barilius Ham. 

24. 

Callichrous Ham. 

3. 

Bashora Blkr. 

26. 

, Cham Cuv. and Val. 

4. 

Barbus Cuv. and Val, 

26, 

Glyptosternum McClell. 

5. 

Laheo Cuvier. 

27. 

Leiocassis Blki*. 

6, 

Glarias Gronov, 

28. 

Macrones Dumeril. 

7. 

Eaplochilus McClell. 

29. 

Fdngasius Cuv, and Val. 

8. 

Eleotris Gronov. 

30. 

Fseudeutropius Blkr. 

9. 

Gobius Artedi. 

31. 

Silurus Artedi. 

10. 

Feriophthalmm Bl. and Schn. 

32. 

Wallago Blkr. 

11. 

Ambassis Cuv, and Val, 

33. 

Monopterm Lac6p. 

12. 

Mastacemhelus Cuv. and Val. 

34. 

Symhranchus Bloch. 

13. 

Chela Ham. 

36. 

Nandus Cuv. and Val. 

14, 

Girrhina Cuvier. 

36. 

Fristolepis Jerdon. 

15, 

Dangila Cuv. and Val. 

37. 

Ophiocephalus Bloch. 

16. 

Osteochilus Giinther. 

38. 

Anabas Cuvier. 

17. 

Thynnichtkys Blkr. 

39. 

Folyacanthus Cuv. and Val 

18. 

Acanthopsis v. Hasselt. 

40. 

Osphronemus Lac6p. 

19. 

Botia Gray. 

41. 

Mugil Linn. 

20. 

Lepidocephalichtys Blkr. 

42. 

Sciaena (Artedi) Cuvier. 

21. 

Nemachilus v. Hass. 

43. 

Sicydiuni Cuv. and Val. 

22. 

Eomaloptera v. Hass. 

44. 

Bhynchobdella Bl. and Schn 


As pointed out by Bay himself, of the 14 genera of his list common to India and 
Africa, 12 also extend to Malaya. Of the remaining two genera, Cyprinodon is a genus 
of the Middle East, while DiscognatHius (= Qarra) is now found to be extensively dis- 
tributed in south-eastern Asia. Thus, with the exception of Cyprinodon, which, as 
indicated above, has a localised distribution in India, there is not a single genus which is 
common to the freshwater fauna of India and Africa and is not also found in the Malayan 
region. The distribution of Cyprinodon does not help us to establish any relationship 
beWeen the faunas of India and Africa.^ The species and genera common to India and 
the Malayan region, on the other hand, afford considerable evidence of the Malayan affinities 
of the Indian fauna. 

The following are the 22 (erroneously stated by Bay to be 29) species according to 
Bay’s lists which are common to the freshwater faunas of India and the Malayan region : — 




r 


1 I have purposely left out of consideration the Cichlid genus Btroplus Cuv. and Val, of Peninsular 
India and Ceylon which has its close allies only in Madagascar, Giinther (Zoc. cU., p. 226) accounted 
for its occurrence in India as follows : — 

‘Considering that other African Chromides (Cichlidae) have acclimatised themsolvos at 
the present day in saline water, we think it more probable that Mtroplus should have found its^ 
way to India through the ocean than over the connecting l^nd area; where, besides, it does 
not occur.’ * 

I am in agreement with Gtinther’s vi^?^ concerning the distribution of this remarkable genus. 
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1. Notopterm cMtala (Ham.). 

2. Notopterus kapirat{'Pdkl\a,s), 

3. Rasbora daniconius (Ham.). 

4. Barbus macroUpidota (Cuv. and Val.), 

5. Barbus apogon Cuv. and Val. 

6. Acanthopsia choirorhynchus Blkr. 

7. Bagarius yarrelUi (Sykes). 

8. Glarias dmsumieri Cuv. and Val. 

9. Clarias magur (Ham.). 

10, CalUchrous bimaculatus (Bloch), 

H. Pangasius huchanani Cuv. and Val. 


12. Haplochilus panchax (Ham.). 

13. Monopterus javanensis hae^p. 

14. Symhranchus bengalensis (McClelL), 

15. PristoUpis fasciatus (Blkr.). 

16. Anahas scandens (Dald.). 

17. Ophiocephalus micropeltes Cuv. and Val. 

18. Ophiocephalus striatus Bloch. 

19. jSciaena coitor (Ham.). 

20. (Bh and Schn.). 

21. Qohius giuris 'B.s.-m. 

22. Periophthalmm schlosseri (Pallas). 


The above listed species fall into several groups: (i) Derived from marine forms, such 
as Symbramhus bengalensis ^ Sciaena coitor, Eleotris fusca, Oobius giuris and Periophthalmus 
schlosseri ; (ii) Widely distributed in India and the Malayan region, such as Notopterus 
cMtala, N, Jcapirat, Rasbora daniconivs, Bagarius yarrelUi, Clarias magur, CalUchrous 
bimaculatus, Pangasius huchanani, Haplochilus panchax, Anahas scandens and OpMo- 
cephalus striatus; (iii) Restricted to Eastern Himalayas, Assam Hills, Burma and fur-^her 
east, such as Barbus macrolepidota, Barbus apogon, Acanthopsis choirorhynchus and 
Monopterus jamnensis; (iv) Found in Peninsular India and the Malayan region, such as 
Glarias dussumieri, Pristolepsis fasciatus and Ophiocephalus micropeltes. The three species 
included under group IV, "with a discontinuous range of distribution, are of special signi- 
ficance in discussing the relationships of the Indian and Malayan faunas. To this last 
category can now be added more species (Hora and Law, 1941, p. 240), such as Barbus 
[Puntius) burmanicus Day, Ambassis thomassi Day, Macropodus cupanus Cuv. and Val., 
Mastacembelus guentheri Day, Bohtee cotio var. cunma Day (Hora and Msra, 1940, p, 168), 
etc. These instances leave no doubt regarding some means of continuity at some earlier 
period between the faunas of Peninsular India and the Malayan region. 

If we now examine the genera which in Day’s time were only known from within the. 
limits of India, Burma and Ceylon and study their present-day distribution we get some 
very interesting data. In the list given below, I give 41 such genera with their respective 
distribution as recorded by Day.^ 


Generic Name. Distribution as given by Day, 


1. 

Badis Bleeker 

India and Burma. 

2. 

Channa Gronov. 

Ceylon and China. 

3] 

Triohogaster Bloch. 

Upper India, Burma and Siam, 

4. 

Etroplus Cuv. and Val. 

Western and Southern India, also Ceylon. 

5. 

Erethistes Miill and Henle 

Orissa, Bengal, Assam, Burma and China. 

6. 

Rita Bleeker 

India and Burma. 

7. 

Olyra McClelland . . 

Upper Assam and Pegu. 

8. 

Saccobranchus Cuv. and Val. 

India, Burma and Cochin-China. 

9. 

Silundia Cuv. and Val. 

India and Burma. 

10. 

Ailia Gray 

Northern India generally. 

11. 

Ailiichthys Day 

Punjab rivers, Ganges and Jumna. 

12. 

Eutropiichthys Bleeker 

India and Burma. 

13. 

Amblyceps Blyth. . . 

Himalayas to Burma. 

14. 

Sisor Hamilton 

Indus, Jumna and Ganges rivers. 

15. 

Gagata Blkr. 

India and Burma. 

16. 

Nangra Day 

Sind, Deccan, N.W. Provinces and Bengal. 

17. 

Euglyptosternum Blkr. 

Syria, the Jumna and Upper Assam. 

18. 

Pseudecheneis McClell. 

Eastern Himalayas and hills of Assam. 

19. 

Exostorm Blyth. 

Himalayas, Assam, Burma and China. 

20. 

Behne Cuvier 

Marine, some species in freshwater (B. cancila mentioned). 

21. 

Psilorhynchus McClell. 

Bengal and Assam. 

22. 

Oreinus McClell. 

Himalayas and connected mountains in China. 

23. 

Schizopygopsis Steind. 

Himalayas. 

24. 

Schizothorax Heckel. 

Himalayas. 

25. 

, Ptychobarbus Steind. 

Himalayas. 

26. 

* Diptychus Steind. . . 

Himalayas. 


1 The table is made tip #*om Day’s lists. For Nos. 1-4, see Journ. Linn. Soc. London (ZooL), 
XIII, pp. 139-143 (1878); for Nos. 5-18, see ibid., pp. 341-344 (1878) and for the remaining genera, 
see ibid., XIV, pp. 534-579 (1879). 
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27. 

Semiplotus Blkr. 

. . Assam and Chittagong hill-ranges to Burma. 

28. 

Scaphiodon Heckel. 

. . Syria, Western Asia, Sind, Punjab and Western Ghata 

29. 

Catla Ciiv. and Val. 

. , Throughout Northern India, Burma and Siam. 

30. 

Amblypharyngodon Blkr. 

. . India, Ceylon and Burma. 

31. 

Nuria Cuv. and Val. 

. . India, Ceylon and Burma. 

32. 

Aspidoparia Heckel. 

. . India and Burma. 

33. 

Bohtee Sykes 

. . India and Burma. 

34. 

Danio Hamilton 

. . India, Ceylon and Burma. 

35. 

Perilampus McClell. 

. . India, Ceylon and Burma. 

36. 

SomUeptes Swainson 

Orissa, Bengal and Assam. 

37. 

Acanthophthalmus v. Hass. 

. . North-east Bengal, Assam and Burma. 

38. 

Apua Blyth. 

. . Pegu. 

39. 

Jerdonia Day 

. . Madras. 

40. 

Nemacheilichthys Dajr 

. . Deccan. 

41. 

Amphipnous Muller 

. . India and Burma. 


In the light of our present-day knowledge regarding the systematic position ^ and 
distribution of these genera, we find that of the 41 genera listed above, Ghanna, AiliicMhys 
and Apiia are separated from their respective allied genera by the absence of the pelvic 
fins, but recent work has shown that they cannot be kept distinct from Ophiocephalus, 
Ailia and Acanthophthalmus respectively; Euglyptostermm and Nangra are synonyms 
of Ghjptosternum (= OlyptotJiorax Blyth.) and Gagata respectively; Jerdonia and NemacM- 
lidithys are endemic to Peninsular India and are found nowhere else ; Oreinus, ScMzothorax, 
Schizopygojms, Ptychobarbus and Diptychus are essentially Central Asiatic formjg, a few 
representatives of which are found along the southern slopes of the Himalayas and 
Southern China ; JScaphiodon is a western genus, the range of which extends to Sind and 
the Punjab; Etroplm is found only in Peninsular India and Ceylon; Olyra, Ailia, Sisor, 
PailorJiychus, Semiplotus and Somileptes are restricted in their distribution even within 
the limits of India proper, but show distinct eastern affinities ; Badis, Silundia, Ambly^ 

’ pharyngodon, Aspidoparia and Amphipnous are fairly widely distributed in India and 
Burma; Erethistes, Pita, Saccobranchus, EutropiicMhys, Pseudecheneis, Exostoma, Gath 
and Eohtee, besides India and Burma, are either found in Siam, Southern China or Cochin- 
China or are represented by very closely allied genera in these regions ; and TricTiogaster, 
Amblyceps, Gagata, Belone, Nuria, Danio, Perilampus and Acanthophthalmus are now 
known from the Malayan region also and with the exception of Gagata, a number of Indian ^ 
species of these genera are also found in the Malayan region. 

The above analysis makes two points clear, firstly the very marked Malayan affinities 
of the Indian fauna and secondly its relationslups to the faunas of Siam, Southern China 
and Cochin-China. We shall have an occasion to refer to these dual affinities of the 
Indian fauna later [vide infra, p. 432). 

Views of Blanfoed. 

After Bay, W. T. Blanford (1901) referred to the distribution of freshwater fishes. 

He gave a list of 79 genera (Badis, Nandus, Pristolepis, Sciaena, Periophthalmus, Eleotris, 
Bhynchobdella, Mugil, Belone, Gyprinodon and Haploohilus of Bay’s lists are not men- 
tioned by him, while Matsya, Ahysis, and Anguilla, not mentioned by Bay, are included 
by him. Matsya was, however, described in 1888). Blanford divided India, Burma and 
Ceylon into five subdivisions, which he further divided into 19 tracts. If we refer to 
his table of distribution of fish genera [loc. cit., pp. 384-387) we find that of the 79 genera 
listed by him a majority are distributed all over India and, as we know, a number of them 
extend to the Malayan region also. Some genera are absent only from such specialised 
zoogeographical tracts as Ceylon or the Himalayas, otherwise they are found all over 
India. There are also a few genera which have only a restricted distribution even in 
India, some of them being endemic to one or other of the tracts into which the country 
is subdivided. Prom a zoogeographical point of view, such genera as Scaphiodon, Sicydium, 
Pristolepis, Eomaloptera, Silurus, Thynnichthys are of special interest on account of the J*, 

1 In order to facilitate reference to Day’s lists, as far as possible, the generic names employed by 
him are nsed in this article. u 
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continuous range of their distribution. Scaphiodon is a genus commonly met "with in 
tiduthern Persia, Baluchistan, Sind and the Salt Range, Punjab, but a few species from 
Peninsular India were referred by Day to this genus. Sicydium is known from the Malayan 
region, Peninsular India and Ceylon ; it is a specialised genus of GoHoid fishes and, as it 
seems to have been evolved from marine ancestors, its distribution is of little value for 
studying the relationships of freshwater forms. Fristolepis is common to Peninsular 
India and Ceylon on the one hand and to the Malayan region on the other ; in fact, one 
species, P, fasciatus (Bleeker), as indicated above, is common to the two regions. Homa- 
loptera and Sikirus are found throughout south-eastern Asia and extend westwards to 
Burma, Assam and Eastern Himalayas, but their occurrence in Peninsular India is of 
special interest . Thynnichthys is another Malayan genus with representatives in Peninsular 
India. Prom the data presented above, it is thus clear that the Malayan fauna extends 
almost continuously to India as far as the Eastern Himalayas and the hills of Assam, 
and then some of its very characteristic elements appear in Peninsular India. Though 
Blanford, in his studies on the distribution of faunas, paid little attention to the distribution 
of freshwater fishes, he (loc, cit.^ ji. 433) was led to conclude from the distribution of other 
groups of vertebrates that 

‘The Indo -Malay element in the fauna is very richly represented in the Eastern Himalayas, 
and gradually diminishes to the westward, until in Kashmir and further west it ceases to be the 
principal constituent. Almost all the Indo-Malaya genera, and a large proportion of the species, 
are identical with Assamese and Burmese forms. These facts are consistent with the theory that 
the Indo -Malayan part of the Himalayan fauna, or the greater portion of it, has migrated into the 
fountains from the eastward at a comparatively recent period. It is an important fact that 
this migration appears to have been from Assam and not from the Peninsula of India.’ 

I (Hora, 1938, p. 405) have recently shown in a series of papers that the westward 
migration of the Malayan element in the freshwater fauna of India did not stop at the 
Eastern Himalayas, but also spread to Peninsular India from the Assam Hills along the 
Satpura trend of mountains which stretched across India from the Assam Himalayas to 
the Gujrat section of the Western Ghats at a not very remote period of the earth’s history. 
We shall, however, deal with this matter later, but attention may now be directed to the 
advances made in recent years concerning the fish fauna of Peninsular India and their 
bearing on the zoogeography of this region. 

Recent Advances in the Systematics of Fishes of Peninstjlab India. ^ 

Re-examination of the Peninsular species assigned hy Day to the genus Scaphiodon 
Heckel has shown that they are in reality closely allied to OsteocMlus Gunther and are very 
different from Scaphiodon (= Cyprinion Heckel). The specific and generic limits of these 
species have recently been discussed by me (Hora, 1942, pp. 1-10) and I proposed two 
new subgenera of OsteocMlus for their reception, namely, OsteocMlichthys and Kantalca. 
OsteocMlus is represented by several species in south-eastern Asia and its range extends 
westwards to Burma. The occurrence of this genus in Peninsular India lends further 
support to the Malayan affinities of the Indian JFauna. It must also he remembered in 
this connection that the South Indian forms are more closely allied to South Chinese and 
Siamese forms than to the species found in the Malay Archipelago. 

I (Hora, 1942, pp. 10-14) have recently shown that great similarity exists between 
Cyprinus nuMa Sykes of the Western Ghats and ScMsmatorhynchus heterorhynchus (Bleeker) 
ojf Sumatra and Borneo. Though the two species have been placed iix^eparate subgenera, 
their close relationship is clear from the structural peculiarities exhibited by them. The 
distribution of ScMsmatorhynchus is very significant in showing the Malayan affinities of 
the Peninsular fauna. 

Day’s Eomaloptera is a composite genus, but the family Homalopteridae as a whole, 
owing to its specialised features, is of special interest for zoogeographical studies. 
I (Hora, 1941) have recently described the Homalopterid fishes from Peninsular India and 
referred them to three genera of the Homalopterinae — Bhavania Hora, Travancoria Hora 
and Balitora Gray. The first two are endemic to this region while Balitora is found in 
Burma, Assam and Eastern Himalayas on the one hand and Peninsular. India on the 
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other. In fact, the same species, B. hrucei Gray, is found in both the regions, though 
it is represented by different varieties in Burma and Peninsular India respectively. 

In a revision of the Indian species of Bilurus^ I (Hora, 1936) recognised two forms 
8. cochinchinensis with two barbels from the Eastern Himalayas, Assam, Burma and 
further east and 8 . wynmdemis with four barbels from Peninsular India. More recently, 
however, Bhimaehar and Subba Rau (1941) have adduced valuable evidence to show that 
these two species are conspecific. Thus the range of 8iluTus cochinchinensis now extends 
throughout south-eastern Asia and the Western Ghats, Peninsular India. 

Another important advance has recently been made with regard to the distribution 
of Batasio Blyth by the discovery of a species of this genus from Travancore (Hora and 
Law, 1941). The geographical range of Batasio is similar to that of Silums, and the 
Peninsular species is not very different from B. batasio (Hamilton) of the Eastern 
Himalayas. Attention may also be invited to the discontinuous distribution ol 
Mystacoleucus Gunther (Hora, 1937a, 1939) which is represented by several species in the 
Malayan region and by one species, M. ogilbii (Sykes), in Peninsular India. 

The most remarkable instance of distribution that has come to light recently is that 
of the occurrence of the Schizothoracine genus Lepidopygopsis Raj (1941) in the Periyar 
Lake in Travancore. As stated above (vide supra, p. 426), the Schizothoracinae are 
essentially Central Asiatic fishes, though a few genera are found along the southern slopes 
of the Himalayas and in the connected series of hills to the east in Southern China and 
west in Afghanistan, Seistan, etc. This record establishes a definite relationship of the 
Peninsular fauna with that of the Himalayas. The Schizothoracinae are not found in the 
Malayan region. 

Attention may also be directed to the occurrence of a globe-fish of the Monotretus-typQ 
in Travancore (Hora and Hair, 1941). The only other representative of this genus, 
Tetraodon (Monotretus) cutcutia (Hamilton), is known from Orissa, Bengal and Assam, 

Several other specific instances could be cited to show the close relationship between 
the freshwater faunas of the South Chinese and Malayan regions, and Peninsular India, 
but I think the above evidence is fairly conclusive on this point. Now the next point 
for consideration is how this similarity has come about. 

FaCTOES INFLUENCING!- DISPEESAL OF ToEEBNTIAL FiSHES. 

In their evaluation of zoogeographical data, geologists have, as a rule, attached 
little importance to the distribution of freshwater fishes, for according to Medlicott and 
Blanford (1879, p. Ixvi) ‘freshwater fishes and other animals inhabiting rivers and lakes 
suffer from the serious disadvantage that whilst the exact method by which they or 
their ova are transported is not clearly understood, there is no doubt that they are capable 
of being carried ahve from one piece of water to another by some natural agency. Hence 
the limits of their range are imperfectly known’. The above observations may perhaps 
be true within certain limits in the case of fishes of the plains which live in stationary or 
slow-moving currents as some of them are adapted to live in waters of low oxygen tension, 
and some can even live out of water for several hours owing to the presence in them of 
accessory respiratory organs, but I have referred above to a large number of hill-stream or 
torrential fishes, about the mode of dispersal of which there cannot be any two opinions. 
The carps and catfishes of the turbulent waters are very different from those of the plains, 
and in response to swift currents over rocky substrata have become greatly flattened, 
almost leaf-hke in certain cases, have developed organs of adhesion by which they can 
stick to rocks like a limpet, have developed mouth-parts for feeding on organic matter 
encrusting rocks and stones, have reduc^ respiratory surfaces so that they cannot live 
in waters of low oxygen tension for any length of time, have lost power of fish-like move- 
ments, etc. In view of these structural and physiological adaptations their range of dis- 
tribution is, as is well known to all students of ichthyology, very limited, for they are 
not physiologically capable of living in muddy waters or in lakes and slow-moving rivers 
with soft bottoms. It will thus be clear that if a typical hill-stream fish is found in such 
widely separated places as the hills of Assam and those of Peninsular India, the drainage 
of these areas must have had chances to intermingle at some period since the existence 
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of that species either through earth movements or river captures or both. Owing to their 
very limited power of migration, torrential fishes aiSbrd better evidence of zoogeographical 
relationship. 


Geological Age of the Fish faunas undeb consideeation. 

It is worth remembering that the fish faunas of the two regions are, generally speaking, 
not of any great age, for the Ostariophysi, comprising carps and catfishes, did not appear 
till the commencement of the Tertiary period and the highly adapted torrential forms 
met with to-day must have appeared much later, probably under the impetus supplied 
by the last phases of the erogenic movements that gave birth to the Himalayas. This 
mighty chain of mountains is now generally believed to be the result of at least three 
major mountain-building movements, all of which occurred during the post-Eocene period. 
By that time the present-day dominant class of bony fishes had already appeared. 

Explanations of Malayan Affinities of the South Indian Fauna. 

Leaving out of consideration the possibility of any natural agency transporting 
torrential fishes or their ova from the Eastern Himalayas to the hills of Peninsular India, 
three views have been advanced to account for similar facts of distribution concerning the 
flora and terrestrial animals, such as mammals, birds, reptiles, etc. The oldest of these 
is the supposed direct land connection between the Malayan region and South India, but 
we now know that the Bay of Bengal is a very old feature of the physiography of India 
and that it existed in its present position, though in a somewhat modified form, throughout 
the Tertiaries. In the present state of our knowledge of the geology of India, this view 
is untenable. 

Medlicott and Blanford {loc. cit,, pp. 374, 375) have regarded the similarity in the 
fauna and flora of the Malayan region and the Himalayas to those of South India as an 
evidence in favour of the effect of the glacial epoch of Peninsular India. They have 
stated as follows : — 

*On several isolated bill ranges, such as the Nilgiri (Neilgherry), Animale (Animullay), Shivarai 
(Shevroys), and other isolated plateaus in Southern India, and on the mountains of Ceylon, there 
is found a temperate fauna and flora, which does not exist in the low plains of Southern India, 
but which is closely allied to the temperate fauna and flora of the Himalayas, the Assam range 
(Garo, Khasi, and Naga hills), the mountains of the Malay Peninsula and Java. Even oh isolated 
peaks, such as Parasnath, 4,500 feet high, in Behar, and on Mount Abu in the Aravali (Axavelli) 
range, Rajputana, several Himalayan plants exist. It would take up too much space tO' enter 
into details: the occurrence of a Himalayan plant like Rhododendron arboreum, and of a Himalayan 
mammal like Maries flavigula on both the Nilgiris and Ceylon mountains will serve as an example 
of considerable number of leas easily recognised species. In some cases there is a closer resemblance 
between the temperate forms found on the peninsular hills and those on the Assam range than 
between the former and Himalayan species, but there are also connections between the Himalayan 
and peninsular temperate regions which do not extend to the Eastern hills. The most remarkable 
of these is the occurrence on the Nilgiri and Animale ranges and on some hills further south of 
a species of wild goat, Capra hylocrius belonging to a sub-genus {Hemitragus)^ of which the only 
other known species, C. jernktica, inhabits the temperate region of the Himalayas from Kashmir 
to Bhutan. This case is remarkable, because the only other wild goat found completely outside 
the Palaearctic region is another isolated form on the mountains of Abyssinia. 

‘The range in elevation of the temperate fauna and flora of the Oriental region in general 
appears to depend more on humidity than temperature, many of the forms, which, in the Indian 
Mils, are peculiar to the higher ranges, being found represented by allied species at lower elevations 
in the damp Malay Peninsula and Archipelago, a|4 some of the hill forms being even foxmd in the 
damp forests of the Malabar coast. The animal inhabiting the Peninsular and Ceylonese hills 
belong, for the most part, to species distinct flrom^hose found in the Himalaya and Assam ranges, 
etc.; in some cases even genera are peculiar to the hills of Ceylon and Southern India, and one 
family of snakes is -represented elsewhere. There are, however, numerous plants and a few animals 
inhabiting the hills of Southern India and Ceylon wMch are identical with Himalayan and Assamese 
hill forms, but which are unknown throughout the plains of India. 

‘That a great portion of the temperate fauJ&a and flora of the Southern Indian hills has 
inhabited the country Jfrom a much more distant epoch than the glacial period may be considered 


1 Evidently reference is here made to the terrestrial fauna, such as birds, mammals, insects, etc. 
The distribution of aquatic fauna is obviously governed by other equally important factors. 
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as almost certain, there being so many peculiar forms. It is possible that the species common to 
Ceylon, the Nilgiris, and the Himalayas may have migrated at a time when the country was damper, 
without the temperature being lower, but it is difficult to understand how the ])lains of India 
can have enjoyed a damper climate without either depression, which would have caused a largo 
portion of the country to be covered by sea, a diminished temperature which would check evapora- 
tion, or a change in the prevailing winds. The depression may have taken place, but the inigration 
of animals and plants from the Himalayas to Ceylon would have been prevented, not aided, by 
the southern area being isolated by sea, so that it may be safely inferred tha,t the period of migration 
and the period of depression were not contemporaneous. A eliango in the prevailing winds is 
improbable so long as the present distribution of land and water exists, and the only remaining 
theory to account for the existence of the same species of animals and plants on the Himalayas 
and the hills of Southern India is depression of temperature.’ 

These views have been quoted by Wadia (1939). Sir C. S. Fox has informed mo that 
there is no actual evidence in Peninsular India of any glacial period of the tertiary or 
later times. There is evidence, however, that during the glacial period the glaciers extended 
far below their present limits in the Himalayas and Karakoram, and, in consequence, the 
temperature must have been much lower both in the Himalayas and in the Peninsula. 
This low temperature probably influenced the distribution of terrestrial fauna southwards, 
hut in the case of aquatic animals, especially torrential fishes, it is difficult to understand 
how they could cross physical as well as physiological barriers of the nature stated above 
even when the temperature became greatly depressed in the country between the Himalayas 
and the hills of Peninsular India. Moreover, in view of the large number of forms that 
are common to the two regions, it is rightlj^ presumed by Medlicott and Blanford that 
the peculiar forms of South India may have been established there even before the com- 
mencement of the glacial period during the Pleistocene in the northern regions. 

In 1937, while discussing the distribution of Himalayan fishes and its bearing on 
certain palaeogeographical problems, it was stated by me (Hora, 1937, p. 255) that 

‘This differential movement wliich probably occurred late in the Miogene period, must have 
obliterated all traces of the eastward extension of the Indobrahm and also acted as a barrier 
between the eastern and the western Himalayan fishes. The new stocks of specialised hill -stream 
fishes from the east, not finding means to cross this barrier, were deflected towards south-west 
along the Satpura Trend which probably at this period stretched across India as a pronounced 
range from Gujarat to the Assam Himalayas. From Gujarat the hill-stream fauna migrated towards 
the south along the Western Ghats and spread to the hills of the Peninsula in the extreme south.’ 


Becent Sueveys of the Fish fauna of the Satpuea Teenb. 

In view of the interesting findings referred to above, zoological surveys (Hora, 1938, 
1940, 1941 ; Das, 1939) were carried out of the Rajmahal Hills, Santal Parganas, Hazaribagh 
Hills, the headwaters of the Mahanadi River in the Raipur district and Pachmarhi, 
Hoshangabad district, the highest point of the Satpura Mountains, to test the hypothesis 
advanced by me. Dr. H. Crookshank of the Geological Survey of India very kindly made 
a collection for me in the Bailadila Range, Bastar State. These collections have already 
thrown considerable light on the distribution of fishes along the old Satpura trend. Before 
considering the evidence provided by the fresh material, it must be borne in mind that 
the hills referred to above are mere stumps of a once more highly elevated country with 
many perennial torrential streams running down its slopes. At the present time most of 
the streams either dry up altogether or are reduced to a mere trickle in the dry season* 
Under the ecological conditions prevailing to-day in these hills, the presence of typical 
torrential forms, which require a continuous flow of water over a rocky bed, is not to bo 
expected, but the presence of Laguvia in the Rajmahal Hills and the Hoshangabad district 
and of Amhlyceps in all the regions so far stuped by the Zoological Survey is of special 
significance ; both the genera live in sub-mountainous streams where during the dry season 
they seek shelter in pools or under wet rocks. The genus Laguvia was proposed by me 
for two small catfishes of the Teesta River and a species from Southern CMna was also 
referred to this genus. From the Rajmahal Hills and the Satpuras one of the Teesta River 


1 Por recent information on this subject reference may be made to H. de Terra and T. T, Paterson 
‘Studies on the Ice Age in India and associated hiunan cultures’ (Washington, 1939), 
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forms has been obtained and it shows that the Garo-Rajmahal gap probably came into 
existence at a not very remote period of the earth’s history. Before the zoological survey 
of the Rajmahal Hills, AmUyceps mangois (Hamilton), the only species of the genus, was 
known from the Himalayas, the hills of Assam, Burma and Siam. Its range has now been 
extended to the Hoshangabad district in the west and the Malay Peninsula in the east. 
The results of the zoological survey of the various sections of the Satpura trend clearty 
indicate that at some remote period the fauna of this chain of hills had some means of 
continuity with that of the hills of Assam. 

Geological Age of the Garo-Rajmahal Gap. 

At what period of the earth’s history the Satpura Mountains became reduced to their 
present position and when the Garo-Rajmahal gap became a feature of the physiography of 
India, it is not possible for me even to conjecture, since the geological views are so 
conflicting regarding the age of the gap. The following sequence of events is, however, 
partly suggestive of the changes undergone by this region. Geologically it is an established 
fact that the Shillong plateau in Assam is merely a severed portion of the Peninsular region 
which has been isolated by the alluvium of the lower Ganges and Brahmaputra. In the 
Gondwana times the flow of rivers was north-west across the present Satpuras (Fox, 1937), 
and the fish fauna of the Intertrappean beds at Deothan and Kheri in the Central Provinces 
(Hora, 1938a) also shows that the survivors of the Gondwana north-west drainage persisted 
across the range at least until the time when these beds were laid. Bunn (1939) has shown 
that contemporaneous with the orogenic movements of the Himalayas there weue definite 
uplift movements, though of a different nature (block types), in the northern part of the 
Peninsula. He has concluded that : 

‘ 1. An early Tertiary peneplain, uplifted 1,000 feet to the south and with a tilt to the north- 
east. It is represented by the Neturhat and other plateaux, residuals above the present Banchi 
plateau, whilst the Rajmahal hills are also representative of its north-eastern corner. 

‘2. A further uplift of perhaps 1,000 feet sometime between middle and late Tertiary, reaching 
a maximum in the Ranchi plateau and its dissected extension to the south. This uplift was in 
the nature of a tilt to the north and north-east from the Hazaribagh plateau, but at the Sou river 
the northern edge of the upwarp was more abrupt. On the eastern side the upwarp was also 
abrupt. 

‘3. Further south, after an interval sufficient to permit the formation of quite a well-defiued 
peneplain, a further uplift of 300 feet took place with at least a sharp upwarp in the Subarnareldha 
region. 

‘ 4. A gradual further rise in the south and also along the east coast, amounting to 400 feet, 
down to the present day. 

' ‘ It is apparent, then, that the Tertiary period has been on© of no inconsiderable movement 
in this part of the Peninsula, although not on the same scale as in the Himalaya. The type of 
movements in the two areas were vastly different, however, for on the Peninsula they were of 
the block type. 

‘To the south of Chota Nagpur the upward movements were cumulative, whereas further 
north, close to the edge of the Gangetic alluvium, and particularly around the Rajmahal hills, 
there was no apparent differential movement — ^there may have been subsidence, but certainly 
not uplift.’ 

It is known that the orogenic movements that gave birth to the Himalayas changed 
the physiography of India to a very marked extent and these movements are believed to 
have been most intense during the-Miocene period. In the beginning the uplift movement 
was probably of uniform intensity along the whole length of the Himalayas, but later it pro- 
bably became more marked in the region of the isthmus comprising the western part of the 
Assam Himalayas and the eastern part of the Nepal Himalayas, as practically all the 
highest peaks are clustered round this area. This diff erential movement, which probably 
occurred late in the Miocene period, produced some impenetrable harriers between the 
eastern and western Himalayan fishes. It was probably after this that the new stocks of 
specialised hill-stream fishes from the east were deflected towards the south-west along the 
Satpura trend. On the assumptions made above, it seems reasonable to presume that the 
Garo-Rajmahal gap was non-existent at some period after the Miocene, for the fishes referred 
to above are so 'modern’ that it is difficult to assign them to a Geological 'Victorian’ age. 
However, in a recent publication of the Geological Survey of India, Krishnan and Aiyengar 
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(1940) have concluded that there is every probability that the second phase of the 
Himalayan upheaval of Middle Miocene age broke down the barrier across the Garo- 
Rajmahal region. After discussing the Miocene transgression of the Bay of Bengal, they 
made the following observations on the age of the Garo-Rajmahal depression: 

‘If, however, we look into the structure of the Shillong Plateau, we notice that it has been 
* subjected to movements from two sides, one from t he.jao,rt]i w}hch.. 0 Y^rthrnst fajilts 
been de veloped and o ne from the east-producing gxjt^ivo bl<)ck-faul tine \ thoi>Iocks ])oii)gJ .^)m^^ 
by no rtli-to-sQiit E^ult s. The portion of the old ridgo betwoon tlie J^.ajmalial hills and the Oaro 
hills appears to have been depressed during the period, j^robably by the downw'ard block- Faulting 
or by buckling, because of the thrust from the east. - The cause envisaged here is quite adequate 
1 for producing the gap in question, and it should be pointed out that no such convincing tectonic 
l cause is available at a later age to explain the formation of the depression. Moroovor, it the 
\ gap were of post -Pliocene age as thought by Pascoe, the topography of the region would bo docidedly 
I less mature than it is, as pointed out by C. E. N. Bromehead in the discussion of Paseoe’a paper 
I before the Geological Society of London. Bromehead has stated [Quart. Journ. Oeol. Soo., 75, 
\ p. 156, 1919): 

\ “If the lower coiwse of the Ganges and the Brahmaputra was also of recent date, and due 

to the cutting-through of a hard ridge joining the Indian Peninsula to the Assam Hills, one 
would expect a gorge similar to that of the Imdus instead of the broad open valley which, on 
the map, had all the appearance of mature age.” * 

I am in no way competent to discuss the geological evidence adduced above, but the 
type of fishes that seem to have crossed over the Satpura trend before this depression in 
its present form came into existence do not seem to be of Miocene age. Further, Bunn 
(loc. cit., pp. 137-142) has shown that 'the Tertiary period has been one of no inconsiderable 
movement in this part of the Peninsula although not on the same scale as in the Himalaya 
Thus, it is certain that even in post-Phocene times block-faulting occurred in the Peninsula 
and the Garo-Eajmahal gap may be the result of these later block-faulting. The dis- 
tribution of fishes, however, supports a Pleistocene age of the gap as advocated by Oldham 
(1893, 1894), Pilgrim (1919) and Pascoe (1919). 

Origin and Dispersal of the Pish fauna of South-east Asia. 

In discussing the distribution of fishes, I have assumed that the peculiar forms of South 
India are migrants from Southern China, Burma, Assam Hills and Eastern Himalayas. 
There is strong zoological evidence in support of this. As indicated above the home of 
the Homalopteridae is in south-eastern Asia and the hills of South India, where the family 
is represented by three genera, are only an outpost in its range of distribution. The 
same is true of Silurus, Batasio, Thynnichthys^ etc. Recently Br. B. Sundara Raj (loc, 
cit,) discovered a remarkable genus of ScMzotJiomcinc fishes in Travancore. His new genus 
is closely allied to ScMzopygopeis Steindachner, but like the South Indian Homalopterid 
genera, Bhavania and Travanoriay it has also several interesting features not met with in 
any other member of the family. They indicate that long isolation from the parent stock 
has induced special modification in them to meet the requirements of their new habitats. 

The spread of fishes from north-east to south-west over the Miocene Satpura trend 
seems to have been facilitated by the upheaval movements of the late Miocene and later 
periods. I have referred above to the differential movements that produced the high 
peaks of the Sikkim Himalayas, prevented the migration of torrential fishes to the western 
parts of the range and deflected it along the Satpura trend. As pointed out by Kiishnan 
and Aiyengar, these movements were from two sides, one from the north and one from 
the east. The thrust from the east probably produced a downward block-faulting and 
buckling in the Satpura trend and thus made it possible for the north-eastern fishes to 
spread to south-west. Gregory and Gregory (1923) in their work on ‘The Alps of Chinese 
Tibet and their Geographical Relations’ and Gregory’s (1925) studies on ‘The Evolution 
of the River System of South-Eastern Asia’ have also shown that from Yunnan south- 
westwards the rivers on the west beheaded the rivers on the east. There is a considerable 
amount of zoogeographical evidence based on the distribution of hill-stream and other 
^freshwater fishes which shows that the fish fauna of India probably migrated from the 
South Chinese territory. The close similarity of the faunas of the Peninsula of India 
with that of the Malay Peninsula seems to be due to the simultaneous migration of the 
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primitive forms in these remote comers from a common ancestral stock and not to any 
exchange of faunas inter se. 

The peculiar distribution of the so-called Malayan forms, which occur equally 
extensively in South China, Cochin-China, Siam and Burma, within the limits of India 
proper — ^the Assam hills and the Darjeeling Himalayas on the one hand and the hills of 
Peninsular India on the other — can be accounted for on the assumption that the Satpura 
trend extended as a fairly pronounced and continuous ridge between the Assam 
Himalayas in the east and the Gujarat portion of the Western Ghats in the west even up 
to, geologically speaking, recent times. It has to be inferred, therefore, that the gap, as 
we jSnd it to-day, is in all probabihty a very. recent feature of the physiography of India, 
and this view is strongly supported by the distribution of the specialised types of fishes 
referred to above. 


Summary. 

After discussing the views of Gunther, Day and Blanford regarding the probable affinities of the 
freshwater fish fauna of India, the author deals with the recent advances in the systematics of fishes 
of Feninsular India. The factors that influence the dispersal of torrential fishes are elucidated, and 
the probable geological age of the fish faiuia under consideration is given. From the data thus collected, 
it is pointed out that the fish fauna of Peninsular India shows strong Mahiyan ajBSnities. This con- 
clusion is further strengthened by the surveys of the fish fauna of the Satpura trend of mountains and 
after discussing the available geological evidence the author concludes that the Garo-Rajmahal gap 
must be of recent origin, as a continuous range across the gap must be presumed for the dispersal of 
Malayan farma along the Satpura trend. Attention is then direeted to the probable origin and mod© 
of dispersal of the fish fauna of South-east Asia. 


References. 

Bhimachar, B. S. and Rau, A. Subba (1941). The Fishes of Mysore State. Journ, Mysore JJniv. (B), 
1, 147. 

Blanford, W. T. (1901). The distribution of vertebrate animals in India, Ceylon and Burma. PM. 
Trans, Roy, Soc. London, (B) 194, 335-436. 

Boulenger, G. A. (1901). On a small collection of fishes from Lake Victoria made by order of Sir H. H. 
Jolmston, K.C.B. Froc, Zool, Soc. London, 2, 168-162. 

Das, K. N. (1939). On a collection of fish from the Hazaribagh district, Bihar. Rec. Ind. Mm,, 41, 
437-450. 

Day, F. (1878). Geographical distribution of Indian freshwater fishes. Pt. I. The Acanthopterygii, 
Spiny-rayed Teleostean fishes. Journ. Linn, Soc, London (ZooL), 13, 139-156. 

(1878). Geographical distribution of Indian freshwater fishes. Pt . II. The Siluridae. J ourn, 

Linn. Soc, London (Zool.), 13, 338-353. 

■(1879). Geographical distribution of Indian freshwater fishes. Pt. III. Conclusion. Journ, 
Linn. Soc, London (Zool.), 14, 534-579. 

(1885). Relationship of the Indian and African freshwater fish fauna. Journ. Linn. Soc, 
London (Zool.), 18, 308-317. 

Dunn, J. A. (1939). Post-mesozoic movements in the northern part of the Peninsula. Mem, GeoL 
Sufv. India, 73, 137-142. 

Fox, C. S. (1937). Froc. 2WhInd. Sci. Congress, General Discussion, 513. 

Gregory, J. W. (1925). The ©volution of the River System of South-Eastern Asia. Scottish Geog, 
Mag,, 41, 129-141. 

Gregory, J. W. and Gregory, C. J. (1923).. The Alps of Chines© Tibet and their Geographical Relations. 
Geog. Journ,, 61, 153-179. 

Gunther, A. (1880). An Introduction to the Study of Fishes (Edinburgh), 220-233. 

Hora, S. L. (1921). Indian Cyprinoid fishes belonging to the genus Garra, with notes on related speeien 
from other countries. Rec. Ind, Mus., 22, 633-687. 

(1936). Siluroid fishes of India, Burma and Ceylon. Rec. Ind. Mm., 38, 347-361. 

(1937). ' Distribution of Himalayan fishes and its bearing on certain palaeogeographieal 

problems. Rec, Ind. Mm., 39, 251-259. 

(1937a). Systematic position, geographical distribiition and evolution of the Cyprinoid 

genera with a-procumbent predoraal spine. Rec. Ind. Mm., 39, 311-319. 

(1938). On a collection of fish from the Rajmahal Hills, Santal Parganas, Bihar. Reo. Ind. 

Mm., 40, 169-181. 

(1938a). Changes in the drainage of India as' evidenced by the distribution of freshwater 

fishes. Froc. Nat. Inst. Sd. India, 4, 395-409. 

(1939). On the systematic position of Mgtsya argentea Day. Bee. Ind. Mm., 41, 401-406. 

(1940). On a collection of fish from the head waters of the Mahanadi river, Raipur district, 

C.P. Rec. Ind. Mm., 42, 365-374. 

(1941). Homalopterid fishes from Peninsular India. Rec. Ind. Mm., 43, 221-232. 



434 


S. L. HOEA : OK THE MALAYAK AEFIKITIES OF THE 


Hora, S. L. (1942). On the systematic position of the Indian species of ScapModon Heckel, and on 
the systematic position of Cyprinus nuJcta Sykes. Rec. Ink. M'ns., 44, 1-14. 

Hora, S. L. and Misra, K. S. (1940). On fishes of the genus Rohtee Sykes. Rec. Ind. Mm., 42, 
165-172. 

Hora, S. L. and Law, N. C. (1941). Siluroid fishes of India, Burma and Ceylon. Eec. Ind. 

43, 9-42. 

■ (1941). The freshwater fish of Travancore. Rec. Ind. Mus., 43, 233-256. 

Hora, S. L. and KTair, K. K. (1941). Fishes of the Satpura Kange, Hoshangabad district, Central 
Provinces. Rec. Ind. Mm., 43, 361-373. 

(1941). New records of freshwater fish from Travancore. Rec. Ind. Mm.*?., 43, 387-393. 

Krishnan, M. S. and Aiyengar (1940). Did the Indohralim or Siwalik River exist? Professional 
Paper No. 6. Rec. Geol. Stirv. Ind., 65, 9.'* 

Medlicott and Blanford, W. T. (1879). A Manual of the Geology of India (1st Ed.), 66. 

Oldham, E. D. (1893). A Manual of the Geology of India (2nd Ed.), 444. 

(1894). The Evolution of Indian Geography. i/o?rm.^ 3, 170. 

Pascoe, E. H. (1919). The early History of the Indus, Bralmiaputra, and Ganges. Quart. Journ. 
Geol. Soc. London, 75, 138-155. 

Pilgrim, G. E. (1919). vSuggestions concerning the history of the drainage of Northern India, arising 
out of a study of the Siwalik Boulder conglomerate. Journ. A.?. Soc. Bengal (N .S.), 15, 81-09. 
Eaj, B. Sundara (1941). A new genus of Sehizothoracine fishes from Travancore, South India. Rec. 
hid. Mus., 43, 209-214. 

Wadia, D. N. (1939). Geology of India (2nd Ed.), 277, 278. 


DISCUSSION. 

The Chairman thanked Dr. Hora. for his paper, and considered that the evidence 
he had brought forward regarding a land connection, capable of supporting torrential 
streams, between the Burma-Malayan area and Peninsular India, was of great interest. 
He called upon any Fellows or visitors present to express their views. 

Capt. A. "N. Thomas stated that he had listened to Dr. Hora’s paper with much 
interest, and had the following comments to make. 

As regards the migration of freshwater fishes, interest centres chiefly around the 
migration of carps and catfishes such as the genus Laguvia and especially of the species 
able to live only in turbulent water and said to be common to the Teesta valley and the 
Satpura ranges. Dr, Hora states that some of the carps and catfishes can live only in 
turbulent waters and are incapable of living in muddy waters or lakes and slow-moving 
rivers with soft bottoms. It may be asked, however, whether the ova and larvae of these 
specialised fishes are similarly restricted. If not, migration could have taken place through 
muddy or slow-moving streams before the individuals reached maturity. It is known that 
the ova of catfishes are demersal and that they are frequently firmly attached to rocks, 
etc., and that in fhe larval stages they are subjected to parental care. These characteristics 
are against migration of the young independent of their parents. Nevertheless a study of 
the early life history might show that migration across muddy waters is possible in extreme 
youth. 

A second possibility is dispersal by meteorological means. Fertilised ova and/or 
larvae could be caught up by violent cyclonic storms over the Assam Himalayas and 
descend as ‘ rains of fishes ’ on the Satpuras or other parts of Peninsular India. Admittedly 
this is not the normal direction of the paths of cyclonic storms over this part of India, 
but meteorological conditions in the past may not always have been as they are at present. 

And now as regards the Garo-Rajmahal Gap and the Satpura trend. The latter, 
described by Sir Lewis Perm or as the 'Satpura protaxis’, does not appear to correspond 
with any well-defined structural line. The hill regions referred to this trend are composed 
of many diverse stratigraphic and structural units. The Shillong Plateau appears to have 
no real connection with this trend. As pointed out by Sir Cyril Fox, it originated due to 
forces coming from the forward thrust of the Himalayas. 

The Rajmahal Hills are formed of gently dipping beds of lava (Rajmahal trap) of 
? Jurassic — ? Cretaceous age. There is no sign of any orogenesis, following the Satpura 
trend, affecting the Rajmahal trap. This formation maintains a general N.-S. strike 
with a gentle regional dip to the east, in which direction it passes under the Ganges 
alluvium. The Cretaceous, Eocene and Miocene of the Shillong area dip southwards 
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ojff the Shillong Plateau at Sylhet and Cherrapunji but further 'west the trend of the outcrop 
swings round to a north-west to south-east strike with a regional dip to the south-west. 

These facts indicate that there has been no axis of folding along the E.-W. Satpura 
trend since the Jurassic (Rajmahal trap) period. There has however been subsidence 
along a north-south axis between the Garo and Rajmahal Hills. Whether this subsidence 
is due to block faulting or regional warping is uncertain, as there is no direct evidence. 

At the south-western end of the Garo Hills the marine Sylhet limestone passes into 
shore-line conditions while the underlying Cherra sandstones are estuarine. The overlying 
Kopili beds are marine and above these, separated by an unconformity, there is marine 
Miocene. The occurrence of these beds to the west of Tura, whether estuarine or marine, 
indicates that the Garo -Rajmahal area was at a low level in late Cretaceous and early 
Eocene times. The area was not invariably covered by the sea but the shore line in the 
Garo Hills in lower Eocene times was already half-way through the gap and in any case 
estuarine and fluviatile deposits are evidence of relative low level. It should be noted 
that at this time the Shillong Plateau did not exist as a physiographic high. According 
to Sir Cyril Fox it came into existence in the Miocene period under the influence of the 
forward thrust of the Himalayas. The Garo-Rajmahal Gap was probably not uplifted 
to any extent but remained tliroiighout the Miocene as a physiographic and structural 
depression, which may or ma}^ not have been invaded by the Miocene sea. 

The Garo-Rajmahal Gap is thus regarded as a very old and persistent feature which 
has been at a low level continuously from at least late Cretaceous or early Eocene times. 

If a watershed comiecting Peninsular India with the Assam Himalayas in post- 
Miocene times is necessary to explain the migration of torrential Ashes there must have 
been some alternative to the Garo-Rajmahal line. It is suggested that this could have 
been along a zone between the Monghyr and Rajmahal Hills on the south and the 
Darjeeling and Eastern Nepal Himalayas on the north. The north-south trend of the 
Dharwar rocks at Monghyr and the similar strike of the Rajmahal hills lends colour to this 
view. The Teesta at this time could have flowed through the Rajmahal- Garo Hills Gap, 
renewed subsidence of which gave it additional cutting power and enabled it to capture 
the Ganges and Brahmaputra drainage, at a later date. 

The above suggestions seem to fit all the known facts and the Monghyr-Himalaya 
connection seems more probable than the Garo-Rajmahal connection. Additional 
stratigraphical and structural work is, however, necessary to prove the theory. 

Mr. J. B. Auden considered that as far as geologists are concerned, there is little that 
can be discussed. He thought that the geological evidence in this problem was still very 
hazy, and lacked the factual certainty of the faunal evidence. 

Dr. Hora, after reviewing the available geological evidence, is led to the following 
sequence of events : — 

(1) Formation of Garo-Rajmahal Gap in M. Miocene times; this partly on the 

evidence of the Miocene marine forms in the Darjeeling foothills, partly 
because of a paper by Krishnan and Aiyengar. 

(2) Closing of the gap to allow for migration of freshwater torrential fish. The 

closure must have been about Pliocene. 

(3) Final formation of the gap in Pleistocene times. 

I know nothing about the evidence of the Miocene sea extending up to the Darjeehng 
foothills, except from a talk with Dr. Fox, who seemed uncertain where the fossils of 
marine type came from. There may have been marine conditions, with an arm of the 
sea extending through a gap between Garo and Rajmahal, but it should be stressed that 
the evidence depends on the uncertain location of fossils. 

Krishnan and Aiyengar are wrong in my opinion in supposing that the Garo-Rajmahal 
Gap must be Miocene because ‘it should be pointed out that no such convincing tectonic 
cause is available at a later age to explain the fo|;j 2 i«tion of the depression’. Quite apart 
from the evidence adduced by Dr. Dunn in the Bfliar-Nepal earthquake memoir for 
movements in the Peninsula, the mere fact that the Siwalik rocks from the Punjab to 
Assam are highly folded and dislocated by thrusts indicates there were strong movenaents 
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in late Pliocene or Pleistocene times. If there was strong folding in the Himalayan SiwaliicR 
there could certainly have been strong block faulting in the Garo-Eajmahal region. 

Granted, however, that a gap may have existed in Miocene times, it may be doubted 
if it would close again to form a ridge adequate for migration of torrential fish by mere 
filling up, as suggested by Dr. Hora (p. 431). The block-faulting, which formed the gap, 
took place in ancient ^Crystallines’, the Archaean foundation to Peninsular India. To 
close it agam and form a moderately high ridge would imply rather the reversed block- 
faulting to that which is supposed to have formed the gap in Miocene times. The cork 
was extracted, so to speak, and put neatly back into the bottle at a later date. It is 
even more difficult to imagine soft Pliocene sediments, just laid down in the supposed 
gap, being conveniently elevated into a range with the same strike as the present east- 
west Shillong-Garo range. True, the Siwalffis are elevated to ranges in the Himalayan 
foothills, but it is difficult to imagine the same process taking place in the gap, formed 
by block faulting along faults with presumably a north-south trend. For this would 
imply the re-introduction of movements of an orogenic type in a region which had only 
just previously been subjected to block faulting. While such a change-over would not be 
impossible, it is at least improbable. 

Both from the point of view of the crystalline cork being pushed up into the same 
place it had formerly occupied, and from that which supposes Pliocene sediments to have 
formed a range between the Garo Hills and the Rajmahals, it is difficult really to imagine 
that the gap, once formed, should have been blocked again. 

It would seem possible, therefore, that the gap never originated until the Pleistocene, 
and that the migration of torrential fish faunas proceeded unimpeded until then. This 
conclusion may be vitiated if it is truly established that marine Miocene faunas did spread 
northwards to the Darjeeling foothills, but I should hesitate at present to regard this as 
more than a possibility. More work is, in fact, required on the Siwaliks of Darjeeling 
district. 

Dr. Hora has stated : 

‘ In til© beginning the uplift was probably of uniform intensity along the whole length of the 

Himalayas, but later it probably became more marked in the region of the isthmus comprising 

the Assam Himalayas and the eastern part of the Nepal Himalayas, as practically all the highest 

peaks are clustered round this area.’ 

I don’t think we have much evidence that the uplift was ever of uniform intensity. 
With regard to the clustering of high peaks, it is true that there is a cluster between 
Everest and Kangchendzonga, but there is also a cluster of high peaks, such as Kamet 
and Nanda Devi, in the Kumaon. To what extent such clusters represent elevations 
along axes at right angles to the Himalayan trend, with the consequent prevention of 
migration of faunas, is still almost unknown. The post-thrust warps, with denudation 
on the secondary anticlines, which resulted in denudation down to the Dahng slates and 
phyUites underlying the Darjeeling Gneiss, seem to have no relation to the clusters of 
peaks. In fact, Kangchendzonga appears to lie along the secondary syncline which lies 
between the Tamur Biver anticline and the Teesta anticline (Hec, Oeol, But, Ind,, LXIX, 
plate 8, 1935). Much more work has to be done before we can attempt to be sure of the 
relation of peak clusters to the sequence of earth-movements. 

Dr. J. A. Dunn stated that in referring to his views he would have preferred to see a 
reference to the later Memoirs, LXIX and LXXVIII, in which more particular reference 
is made to this part of the Peninsula. 

He agreed broadly with much of what Messrs, Auden and Thomas had said. The 
north-south strike of the Archaean rocks at Monghyr — a strike infinitely older than the 
movements under discussion — ^should have no significance in this context. But, even so, 
Mr. Thomas was right in drawing Dr. Hora’s attention to the possibility of a connection 
between this north-east corner of the Peninsula and the Himalaya. 

He referred to Memoirs, LXXVIII, pp. 8-9, 13 and 14, in which this part of the , 
Peninsula is described as a hinge-zone, the focus of the hinge creeping south. He could 
well picture that the hinge-zone in mid-Tertiary was close to the Himalaya, and that the 
southerly migration of this focal point had been responsible for the great width of the 
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Gangetic alluvium. Many of the streams from the scrap just to the south of the hinge- 
zone were torrential in character and their ancestors to the north would have provided 
the conditions required by Dr. Hora. 

He stated that in Memoirs, XXYIII, pp. 8, 12 and 14, he had briefly reviewed the 
evidence of the Eajmahal Hills which on their eastern side again form a hinge-zone between 
the Gangetic plains to the north-east and the Peninsula to the south-west. He made the 
categorical statement that ‘these lavas can never have been uplifted (i.e. to the extent 

of hundreds of feet as in the country?- to the south-west) they may have suffered 

depression’. Here again the westerly migration of this hinge focus from close to the 
Garo Hills to its present position during the latter part of the Tertiary is not improbable. 
But nowhere along the eastern side of the Rajmahal Hills is there any sign of a sudden 
downwaip such as occurs further west in Monghyr, Hazaribagh and Gaya, and nowhere 
is there a suggestion of torrential streams in this eastern direction. 

The whole aspect of the Eajmahal traps and the Tertiaries to the south is against 
the idea of a convenient uplift and depression of a ridge postulated by Hr. Hora. The 
Eajmahal traps have a persistent easterly dip with no noticeable east- west rolls, and the 
Tertiaries cannot be said to show any noticeable disturbance. 

Although in Majmrbhanj the Tertiaries are marine (in part at least), in Singhbhum — 
Mdnapore — Bankura they are estuarine and fluviatile. He would like to see them mapped 
carefully from Mayurbhanj to the Eajmahal Hills. Although the present north-south 
strike of the western edge of the Tertiaries is probably in part due to deposition on an 
east-sloping land surface, it is possible that they have received an actual easterly dip as 
would be suggested not only by the dip of the Eajmahal traps but also by the gentle 
warps which we have detected in this part of the Peninsula. There is consistent evidence 
of depression to the east, but no evidence of an east-west ridge connecting the Rajmahal 
and Garo Hills in mid-Tertiary times. 

Sir Cyril Fox stated that as regards the marine Miocene fossils from the Teesta valley 
above Sivok, he sent Mr. V. P. Sondhi to search the exposures where Mallet was 
supposed to have found the fossils, but this search was unsuccessful. He knew the area 
and could not think of a likely place to search between Sivok and the Kalapani bungalow. 
AU he could say now was that a search had failed to locate the fossil horizon said to have 
been found by Mallet. This puts the extension of the Bay of Bengal northwards in 
Miocene time to a limit not further north than the South Eajmahal Hills. He thought 
it would clear matters if he gave a resume of the geological evidence known to him from 
the close of the Cretaceous in the Assam-Bengal region. 

Lower Gondwanas occur in the Garo Hills near Smgamari (Hallidaygunj ) and in the 
Assam Himalaya, but there is no evidence of any Upper Gondwanas in either region as 
the next newer strata are marine Cretaceous in the Ediasi Hills near Cherrapunj i. Overlying 
the Cretaceous and overlapping northwards on to the main Assam plateau are the Cherra 
sandstones (really arenaceous limestones in the type section) with the coal seams of 
the Garo Hills and north of Shillong. These Lower Eocene strata are believed to be 
estuarine as some marine fossils were found in an outlier by Mr. A. M. N. Ghosh. The 
next beds are the Sylhet hmestones which definitely pass into a shore line series near 
the south-western corner of the Garo Hills. Above these limestones come the Xongkulong 
or KopOi beds also marine and conformably above the Sylhet limestones. A stratigraphical 
‘break’ evidently occurs above the top of th^Kopilis (Siju-Eewak shales and sandstones) 
in the Garo Hills. The next fossiliferous strata are the Baghmara-Halu beds, also marine, 
of Miocene age. These strata are m force in the south of the Garo Hills and continue 
to the south-west but no marine fossils have been found in the south-west area yet. 
Miocene beds with marine to estuarine fossils occur in Mayurbhanj near Baripada, It is 
thought that the 400 odd feet of stratified soft rocks under the laterite of Khargpur are 
possibly Miocene, and it has been suggested that the beds immediately under the laterite 
west and north-west of Burdwan are of the same Miocene age. This is also believed true 
of the so-called older alluvium under the laterite of the Madhupur Jungle, of the Barind 
of Eajshahi and in the area about Suri south of the south end of the Eajmahal Hills. Except 
for fossil wood no other fossils have been found under or with the laterite of the places 
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named. There is no evidence for the certainty of marine beds of Miocene age except in 
the Garo Hills and in Mayurbhanj. So much for stratigraphy. 

As regards the distribution of land and sea, it is evident that the Cretaceous sea in 
southern Assam was followed by shallow estuarine or marine lagoons over what is now 
the A ssani plateau or range. This was succeeded by a clear sea in the area of the Khasi and 
Jaintia Hills. This Nummulitic sea extended up to the Mikir Hills and westwards to the 
south-west Garo Hills where it was definitely shallow as no real limestones occur here 
and the beds are thin compared with the section near Therria Ghat south of Cherrapunji. 
No Eocene strata have been found in the Bengal region although such beds indicating 
estuarine conditions occur north of the Barail Range and in Upper Assam near Tipongpani. 
Such beds occur of course in Upper Burma indicating estuarine to gulf conditions outwards 
m that region in Eocene times. We have no evidence of any ‘gap ’ between the Rajnaahal 
Hills and the Garo Hills up to the Miocene period, but there was sea over southern Bengal 
from Mayurbhanj to the south-west corner of the Garo Hills in Miocene times. The 
laterite ofMidnapur, of Madhupur (Jungle) and south-eastwards from the Raj mahal Hills 
suggests that there was no ‘gap ’ even at the time of the so-called Older Alluvium. This 
latentic material, of the Madhupur Jungle, the ‘barind’, and in Midnapur is believed to 
r k^l^istocene age, but this is an assumption without any proof whatsoever. Laterite 
TT occurs in the north-west corner of the Garo Hills and near Goalpara. 

lateritic material found in the ‘tilas’ of Sylhet and in the Cachar 
and Tippera Hills was also of the same age — -probably between Upper Miocene and 
Pleistocene but this merely indicated that the land was probably more elevated and better 
dxaiimd during the above period and did not establish any exact geological age. 

_ n a study of the evidence in his possession he would say that the sea had begun 
to lall back from the Assam plateau area in upper Eocene times. However, marine condi- 
tions persisted in the southern Assam region up to and involving the southern parts of 
the Garo, Khasi and Jaintia Hills up to the close of the Eocene epoch, and even after 
Miocene epoch marine conditions were present over the region from the 
Garo Hills to Mayurbhanj. After this there was some elevation of the land from Orissa 
and eastern Bihar through the Eajmahal area round to the Garo Hills and Eastern Bengal. 
Ine Assam plateau came into existence in Miocene times and has continued to develop 
Sylhet limestones are in a monoclinal fold south of Cherrapunji. In the Garo 
Hills they are overfolded and thrust over from the north. The Garo Hills are sliced by 
northward trending faults which are newer than the Miocene beds. It is recognised that 
^7 involved have come from the uplift of the Himalayas — a push southward to 
make the Assam area a bow wave, and a thrust from the Naga-Arakan folding from the 
east. Tlmse two forces fully explain the folding and faulting encountered in the Assam 
region. Their combined effect while explaining the Assam plateau can equally well explain 
the gap between the Raj mahal and Garo Hills. It is structurally a sag which may or 
may not be accompanied by faulting. He was inclined to favour some axis of special 
depression, ^ because the rivers — ^the Teesta, the Brahmaputra and the Ganges — have 
altered 'their courses to adjust along a special axis of depression. He thought it may 
be accepted that the ‘gap’ is relatively recent and that faulting and subsidence have 
continued and are almost certainly still in progress. This would make the ‘gap’ begin 
at the same time as the rise of the Assam plateau — in Miocene times, although it may not 
have immediately allowed the Ganges and Brahmaputra through — possibly not till very 
much later. He did not believe in the Indo-Brahm of Pilgrim or Pascoe except as a 
depression parallel with the Hiinalaya in which a string of lakes and marshes existed, but 
^rtamly no river with a continuous flow in a westerly direction. He believed the 
Brahmaputra came through the saddle in the north Cachar Hill and that when the ‘gap’ 
developed the Ganges string of lakes and those of the Assam valley were graduallv but 
separately drained and the rivers formed, and then the Brahmaputra was ‘captured’ 
and the Ganges defined and developed,— all since the close of the Tertiary era, and that 
hese operations have been graded by the folding and faulting which seems to have con- 
tinued, particularly since the Pleistocene until now. 

During tie course of Ms remarks, Professor S. P. Agharkar stated that the data pre- 
sented by Dr. Hbra regarding the discontinuous distribution of Indian freshwater fishes 
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and Ms suggestion that the Garo-Bajmahal Gap appeared later than Miocene times to 
explain it were interesting to plant geographers as well. 

It is well known that the Malayan ArcMpelago element is the predominant element 
in the flora of the perennially humid regions of India, e.gr. the Upper Assam Valley, the 
Khasi Hills, the forests at the foot of the Himalayas from the Brahmaputra to Nepal, the 
Malabar Coast and Ceylon. While the Assam HiUs and the Himalayas may be considered 
as almost continuous with the Malayan and Burmese hills, there is no direct land con- 
nection between them and the Malabar Coast and Ceylon. Direct migration across the 
seas being ruled out owing to the distance, other possibilities have to be taken into 
account. It is suggested, for example, that the Indian climate was very much more humid 
in the past, and therefore could allow migration of these types along the tops of the com- 
paratively low hills in the Peninsula. One has, however, still to explain migration 
across the large gap between the Garo and Rajmahal Hills, wMch is possible if Dr. Hora’s 
suggestion proves to be correct. 

Dr. W. D. West congratulated Dr. Hora on Ms interesting paper, and considered 
that the facts he had brought forward would have to be explained by the geologists, rather 
than that the zoological evidence should be used to try and confirm geological h3rpotheses. 
As regards the fossils found near Darjeeling, it appears that they were discovered by 
Mallet near Sivok. They were recently examined by Mr. P. E. Eames of the Burmah 
Oil Company, who had concluded that though it was not possible to determine their age, 
except to say that they were Tertiary, the rocks in wMch they occur were definitely 
deposited under freshwater conditions. Thus these fossils do not furnish evidence of 
any extension of the sea into that area at the time they were living. 

As regards the Eajmahal-Garo Gap, the consensus of opinion seemed to be that it is 
an old feature, though until the emergence of the SMllong plateau it seems to have been a 
^gap ’ with only one side, the west side. 

It may also be pointed out that according to the Geodetic Branch of the Survey 
of India there is a line of excess gravity running along the Satpura trend towards the 
Shillong plateau. According to Brigadier E. A. Glennie ‘the Gangetic trough does not 
extend below the delta into the Bay of Bengal. Though locally closed in the Jalpaiguri 
area the trough recommences further east and then almost certainly bends south following 
the curve of the Arakan Yoma Range and of the Andaman and Nicobar Islands It is 
still uncertain what conclusions can be drawn from tMs geodetic work as applied to geology, 
because these features are probably deep-seated, and moreover the geodesist can give us 
no indication as to the age of their formation. Nevertheless, it is probably worth while 
drawing attention to them. 

In reply, Dr. Hora thanked the speakers for their valuable suggestions and helpful 
criticism, and hoped that the data thus collected by their joint efforts might stimulate 
further research on the palaeophysiography of the region between the Assam and the 
Eastern Himalayas on the one hand and the ancient Satpura trend on the other. If it 
is shown by subsequent researches that the Garo-Rajmahal Gap is a fairly ancient feature 
of tMs part of India, and that possibly a zone of Mghland extended between the Monghyr 
and Rajmahal Hills on the south and the Darjeeling and Eastern Nepal Himalayas on the 
north, the discontinuous distribution of the fishes referred to above could even then be 
readily understood. 

From Ms Ultimate knowledge of the ecology and bionomics of Indian torrential fishes, 
Dr. Hora assured Capt. Thomas that there was no possibility of the fish eggs or larvae 
being transported through sluggish and muddy waters on to rocky areas or through the 
agency of birds. Moreover, the distance between the extreme south of India and the 
Assam and Eastern Himalayas was so great that such migration did not seem possible. 

As regards meteorological means, such as violent cyclonic storms, causing ‘rains of 
fishes’, it could be stated that so long as the distribution of land and sea remained as at 
present, there could be no chance of cyclones carrying fish from Assam to the Western 
Ghats. As there was every reason to believe that there had been no change in the water 
and land areas since the origin of the fish fauna dealt with here, tMs possibility of dispersal 
need not be given any serious consideration. 

^ Geodetic Report for 193T, p. 27 eoid Chart IX (1938)* 
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[ Summary ] 

Fossil records of freshwater fishes show that from the Triass to the early part of the Eocene 
there were several waves of migration of freshwater fishes (Dipnoans, Ganoids, Osteoglossids 
and Teleosts) from the mainland of Asia over the Assam region to Peninsular India. There 
are no freshwater Indian fish fossils of the late Eocene or the Miocene Periods, but fossils of the 
early Pliocene and later periods are then found in the Siwalik and the Karewa Beds of the Hima- 
layas. The recent find of a marine Ganoid fish from the Garo Hills, Assam, has enabled the 
author to fix the probable age of the transgression of the Bay of Bengal which cut off the land 
route of migration of these fishes. The evolution of the freshwater fish fauna of India in 
terms of the above-mentioned palaeogeographical changes is discussed. 

Introduction 

In two recent communications (Hora and Menon, 1952, 1953) dealing with 
the distribution of Indian fishes of the past, it has been pointed out that during 
the Mesozoic period there existed a land bridge in the Assam region, across the 
ancient east-southward extension of the Tethys Sea, connecting Peninsular India 
and the northern land mass ; and that our earliest freshwater fishes, like the Dip- 



1. Map of north-eastern India showing the northward transgression of the Bay of Bengal during the 
Eocene, Miocene and Pliocene periods. After Krishnan {Bull. Nat. Inst. Sci. India, 1, 26-£8, 1952, 

* Published by the kind permission of the Director, Zoological Survey of India, 
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noausj tlio OanoklB, tho Osteoglossids and a few Telaosts, had crossed over to 
India along this land route. It was also pointed out^that this land bridge had 
probjibly existed np to the Eocene, when the transgression of the Bay of Bengal 
had occurred, tluis cutting off the land route of migration of fishes until the Pliocene, 
when it was once again established. Subsequently, the discovery of a marine 
Ganoid fish from the Garb Hills, Assam (Menon and Prasad, 1953) has enabled 
the atithors to fix the probable age of the transgression of the Bay of Bengal as 
Middle Eocene, In the light of this recent knowledge of the palaeogeography of 
the north-eastern part of India, the evolution and spread of the Indian freshwater 
fish fauna are discussed in this paper. 

Freshwater Fish Genera of India 

There are altogether 89 genera of primary (Myers, 1938) freshwater fishes, 
which can be arranged into the following 12 groiqis according to their zoogeogra- 
phical relationships : 

Group I 

Tho 13 genera listed below are found in the Far East as far as South China, 
the Malay Archipelago, India and westward as far as Africa via Afghanistan, 
Persia and Syria or Arabia. 


1. Notopterus Lacepede 

2. 

Barilius Hamilton 

3. Garra Hamilton 

4. 

Rashora Bleeker 

5. Pimtius H'unilton 

6. 

Laheo Cuvier 

7. Nmaclhilus van Hasselt 

8. 

Tor Gray 
'\Olarias Scopoli 

9. ’\Ghanna Scopoli 

10. 

11. \Anahas Cuvier 

12. 

Ambassis Cuvier & Valenciennes 


13. Mastacembelus Scopoli 

Group II 

The following genei'a are found in the Far East as far as South China, the 
Malay Arcliipolago, India and westwards only as far as Afghanistan, Persia qv 
Syria : 

1. Cirrhina Okon 2. "^Oreinus McGlelL 

3. "^iHchizothorax Heckel 4. Glyptothorax Blyth 

5. My dm Scopoli 6. "^Sihirus Linnaeus 

Group III 

Group TIT (consists of genera widely distributed in the Far East as far as 
South Clvina, the Malay Ar<‘hipolago and India. They are entirely absent from 
couutrioH west of India. 


1. 

Ohda Hamilton 

2. 

Laubuca Bleeker 

3. 

Esonhus Swainson 

4. 

Danio Hamilton 

5. 

Aspidoparia Heckel 

6. 

AmhlypJiaryngodon Bleeker 

7. 

Grosmeheilus Van Hasselt 

8. 

Gatla Cuvier 

9. 

LepidovA^phaUcMh^^ Bleeker 

10. 

Botia Gray 

11. 

Wallago Bleeker ' 

12. 

Ompolc Lac^pbde 

13. 

Rita Bleeker 

14. 

Clupisoma Swainson 

15. 

Bagarim Bleeker 

16. 

Eutropiichthys Bleeker 

17. 

HMm>pnemUs Muller 

18. 

Badis Bleeker 

10 . 

Nandm Cuvier & Valenciennes 

20. 

Golisa Cuvier & Valenciennes 


'f(Jhurw(t^ AiHihaH aiic! Clarias arc also known from Japan, but they seom to have boon 
inttro<hwo<i ilioro i>y man (Myors, 1051; Okada & Nal?^/inura, 1053). 

’’‘TliOHO an) nUo found in tbo Trans-Hiinalayan region. • 

31 
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Group IV 

The following genera are knowm as far as Siam or South China and along the 
base of the Himalayas on the one hand and the Peninsula on the other : 

1. Osteobrama lS.GGkel 2. Gagata ’Sieehev 

3. Amhlyceps Biyth 4. ■fPsilorhynchus McClelland 


Group V 

The following 5 genera are found as far east as Bmma, Siam, South China or 
the Malay Archipelago and the Eastern Himalayas on the one hand and Penin- 
sular India on the other : 

1. Acrossockeilus Oshima 2, Laguvia Hora 

3. Batasio Biyth 4. Pangasius Cuvier k Valenciennes 

5. Pseudeutropius Bleeker 


Group VI 

Genera belonging to this group are known from Burma, Siam, South China 
or the Malay Archipelago on the one hand and Peninsular India on the other : 

1. OreichtJiys Smith 2. OsteocMlus Gunther 

3 Rohtee Sykes 4, Schismatorhynchus Bleeker 

5. Thynnichthys Bleeker 6. Homaloptera Van Hasselt 

7. Macfopodus Lacepede 8 . Pristolepis Jerdon 


Group VII 

This group consists of a single genus which is widely distributed along the 
Himalayas from the Brahmaputra drainage system to the Indus system and is 
also found in the Peninsula. 

1. "^Sisor Hamilton. 


Group 

This group consists of genera found in 
and Peninsular India on the other. 

1. Balitora Gray 
3. Hara Biyth 
5. Silonia Swainson 


VIII 

the Eastern Himalayas on the one hand 

2. Erethistoides Hora 

4. Proeutropiiohthys Hora 

6. AmpMpnous Muller 


Group IX 


The following genera are restricted 
East : 

1. Semiplotus Bleeker 

3. Euchiloglanis Regan 

5. Pseudedieneis Biyth 

7. Olyra McClelland 


to the Eastern Himalayas and the Far 

2. Acanthophthalmus Van Hasselt 

4. Exostoma Biyth 

6. Chaca Cuvier & Valenciennes 

8. Bloch 


'fPsilorhynchus McClelland has not so far been recorded to the east and south of Brnma, 

^Recently discovered in the Son river drainage, Vindhya mountains, by the officers of the 
Central Inland Fisheries Research Stiition, Barrackpore. 
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Group X 


This group consists of genera endemic to the Eastern Himalayas. 

1. Aborickthys Chaudhnri 2. Somileptes Swainson 

3. Conta Hora 4. Erethistes Muller & Troschel 

5. Myersglanis Hora & Silas 6. *Ctmops McClelland 


Group XI 


The following genera belonging to this group are endemic to Peninsular India : 


1. Parasilorhynchus Hora 
3. Travancoria Hora 
5. Jerdonia Day 
7. Horaglanis Menon 
9. Neotropius Kiilkarni 


2. BTiavania Hora 
4. Lepidopygopsis Raj 
6. NemachilicMhys Day 
Horabagrus J ayaram 


Group XII 

This group consists of 2 genera Widely distributed in Northern India. 

1. Ailia Gray 2. RhyncJiobdella Bloch & Schneider 

Group XIII 

Under this group comes the solitary Western genus whose range extends as 
far 'as the West Punjab. 

1. ScapModon Heckel 

From the above analysis, it is abundantly clear that the freshwater fish fauna 
of India has a very close Malayan affinity (Hora, 1944) and that there is hardly 
any Ethiopian element in it. It is remarkable to note that there is not a single 
genus common to India and Africa, which is also not found in the Malayan region. 
On the other hand, it is the Indian element that is present in the fauna of Afi‘ica. 
Taking the first group of 13 genera, Garra, Puntius, Tor, Nemachilus, Clarias and 
Mastacembelus are found either in Afghanistan, Persia and Arabia cr Syi;ia in 
addition to Africa, India and Farther East. The occurrence of these forms in countries 
between India and Africa is very significant, as it suggests the probable route of 
dispersal of these forms to Africa. In the case of Clariid fishes it has been shown 
(Menon, 1951) that the route of dispersal was along Afghanistan, Persia and Syria. 
Group II indicates the same route of dispersal westwards of the South-East Asian 
forms. Group III establishes the great affinity between the Indian and the 
Malayan forms. Groups IV, V, VI, VII So VIII are of special significance as they 
establish not only a close affinity of Indian fauna with that of the Far East, but 


^The Indian species generally referred to as Osphronemus nohilis (Day, Zool. Record, 1869, 
p. 133) should bear the name Gtenops nohilis (McClelland, Calcutta Journ, Nat Hist,, 1845, p.282). 
Osphronemus Lac6pede, with 0. goramy as the type, is known from S. China, Java, Borneo, 
Sumatra and other East Indian islands, but it has also been introduced into India and is now 
thi'iving well in the Peninsula. Osphronemus has, therefore, not been taken into consideration 
for the purpose of the discussion in this paper. Etroplus C. V. is another genus which has been 
transported to India by some means not understood at present. Etroplus is confined to Penin- 
sular India and Ceylon and has its nearest ally in Pareutroplus Bleeker found in Madagascar. 
It is very likely that Etroplus came to India via the sea (j&ora, 1937). Since “other African 
Chromides (Cichlidae) have acclimatized themselves at the present day in saline water, we think 
it more probable that Etroplus should have found its way to India through the ocean than over 
the connecting land area; where, besides, it does not occur”. (€runther, 1880.) 
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tliey also indicate a direct spread of the South-East Asian and the Eastern 
fauna to Peninsular India," probably during geologically recent tim^. Group 1 
indicates a predominence of the Malayan element in the Eastern Himmayas. 
Groups X and XI consist of genera endemic to the Eastern Himalayas md Penin- 
sular India respectively. Groups XII and XIII are not of much significance tor 
the discussion of the zoogeographical relationships of the fish fauna of !mdia, as 
the former consists of genera widely distributed in Northern India and the latter 
represents the solitary Western genus in the fi:eshwater fish fauna of India. 


Pbe-tbansgression Elements in the Freshwater Fish Fauna oe India 

The Dipnoans (Oeratodus Ag.), the Ganoids (Le^idotus Ag., Dapedius Leach, 
Tetragonolepis Broivn, Py modus Ag. and Lepidosteus Lacepede), the Osteoglossidae 
(Musperia Sanders), the Acanthopterygian fishes (Anabas Cuvier, Polycanthus 
G. Y-, Nandus C. V. and Pristolepis Jerdon), and probably a Cyprinoid genus 
doubtfully recorded as an Abramid fish (Hora, 1938, p. 274), constitute the pre- 
transgression element in the extinct freshwater fish fauna of India.^ Of these, 
Dipnoans seem to be the earliest freshwater fishes that reached India as is evidenced 
by the fossil genus Ceraiodus in the Maleri Beds of the Godavari Valley of the 
Upper Triassic Period, approximately 170 million years old. There were three 
waves of Ganoid migrations to India. The fii-st wave consisted of Lepidoius, 
Tetragonolepis and Dapedius^ but they were scon exterminated by the desiccation 
that followed. A second wave of migration during the Upper Cretaceous consisted 
of the genera Pycnodus and Lepidosteus which were soon entombed in the first 
flow of the lava series which formed the first layer of the Deccan Traps. A third 
waire of migration of Ganoid fishes, along with some of the modern fishes, took place 
during the early Eocene, but these were also exterminated by the subsequent lava 
flows {vide Hora <fc Menon loo. cit., p. 35). 

Like the Dipnoans and the Ganoids, the Osteoglossid genus Musperia spread 
to India during the early Eocene along the same route as the earlier fishes. 

Anabas, Polycanthus, Nandus and Pristolepis are the Acanthopterygian fishes 
of the pre-transgression period in India. Nandus and Pristolepis, belonging to 
the family Nandidae, are to-day distributed over the whole of south-east Asia, 
but a closely allied form Polycentropsis represents them in Africa and South 
America. Anabas, belonging to the family Anabantidae, seems to have originated 
at a somew’'hat later period for they did not extend to South America, probably 
because the land connection between AJfrica and South America was completely 
severed by the time it reached Africa. 

During the pre-transgression period no Ostariophysi had migrated to India, 
except probably the doubtfully recorded primitive carp of the subfamily Abrami- 
dinae (Hora, op. cit.). It is, however, evident from the fossil records that the 
Ostariophysi had spread from Europe during the early Tertiaries, but not south- 
westwards to India {vide Hora and Menon, loc. cit., p. 109). 


POST-TRANSGEESSION ELEMENTS IN THE FRESHWATER FiSH FaUNA OE InDIA 

With the transgression of the Bay of Bengal in the Middle Eocene and the 
submergence of the land connection between the Peninsula and the rest of Asia, 
the migration of the freshwater fish fauna to India was cut off for some time, 
i.e., firom the Middle Eocene to early Pliocene. The dispersal of the fauna from 
the North-East to India was, however, again made possible with the major 
upheaval of the Himalayas, which seems to have occurred towards the 
close of th^ Miocene or early Pliocene, This had probably rendered the 
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arm of the and had cut it up into shallow^ lagoons and fi'esliwater 

lakes. Gradually, \\iih the further rise of the Himalayas, the shallow area 
may have bceoiiie a marshy land enabling the niarshdoving fishes to cross over 
to India, 'fhe Siwalik fossil deposits of Clarias Scopoli, Eeterobmnchis GeofiVoy, 
Channa Scopoli (OpUocephalus Bloch), CJirysicMiys Bleeker, Myslus Scopoli, RHa 
Bleeker, Bagarms Bleeker and Silurus Linnaeus (Hora and Menon, loc, oil., p. 106) 
])rovide ample testimony for the migration of freshwater fishes to India during 
the Pliocene period. During the early post-transgression period, i.e., during the 
Pliocene, the area occupied by the present-day Garo-Rajmahal hills was still under 
tlie sea and the route of migration of freshwater fishes was entirely along the base 
of the young Himalayas. The absence of any fossil fish of the Miocene to Pliocene 
periods in the Peninsula indicates that the migration southwards had not taken 
place then. 
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Fig, 2. The Siwalik foredeep of the Pliocene period. After Krishnan p. 28). 


The invasion to India of marsh-lcving fishes like Clarias and Channa (OpMo" 
cephalm) seems to have occurred first. With the gradual replacement of the 
marshy condition, and the establishment of drier lands with pools and ditches, in 
the area between India and China as the Himalayan upheaval proceeded further, 
forms like Mysfus and Rita crossed ever to India. With a still further upheaval 
of the Himalayas, the low east-westward hills of the young Himalayas seem to 
have made their appearance in the region between India and China, which 
enabled the migration of fishes of clear water streams, like Bagarius and Silurus 
during the late Pliocene period {vide Hora, 1953). 

Most of the present-day fish fauna of India, however, is descended from the Pleis- 
tocene migrants. While the migration along the Himalayas westwards commenced 
in the Pliocene and continued uninterrupted probably till the late Pleistecene, when 
the dismemberment of the westward flowing drainage at the foot of the Himalayas 
had occurred (Hora, loc. cit, p. 10), the migration southwards to the Peninsula 
had taken place entirely during the Pleistocene and intermittently in severaJ 
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waves.* Wo have already noticed that, when the migration along the Himalayas 
commenced during the Pliocene, the area between the Garo-Pajmahal gap was 
still under the sea and did not permit the south-westward migration. Only with the 
lowering of the sea level duringthe pluvial period of the Glacial Ago, does the Garo- 
Rajnmhal gap seem to have hecntne a pla.teau facilitating the movement of hill- 
stream and other freshwater fishes south-westwards (Hora, 1951). During the arid 
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Eig. 3, Orographic features of the Garo-Rajmahai gap. a. Condition during a glacial period 
6. Condition during an interglacial period. After Hora (Froc. NaL Inst iSoi., 17, 1951) 


phases of the Pleistocene, with the rise in the sea level, the Garo-Rajmahal gap 
seems to have become submerged imder the sea, thus preventing the migra- 
tion of the fauna to the south. Thus, there were five waves of migration of fishes 
over the Garo-Rajmahal gap to the Peninsula corresponding to the five Glacial 
periods of the Pleistocene, the pluvial periods facilitating the migration and the 
arid periods isolating them and thereby inducing rapid speciation in the Peninsula. 
In the Peninsula, endemicity and the degree of divergence is most pronounced in 
the southernmost portion of the Western Ghats, due to the long isolation of the 
Malayan forms there and decreases as one goes up along the Ghats until it becomes 
negligible in the Vindhya Satpnra portion as the forms that colonize the waters 


* It is perhaps necessary to point out here that the river Ganges in its present form came 
into existence only during the very late Pleistocene, probably just before the last glacial period, 
and therefore could net have acted as a barrier to the dispersal of torrential fishes. During 
the last glacial period, the deltaic fauna of the Ganges and the Mahanadi probably commingled 
over the newly exposed land (Hpra, 1951). 
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to-day are of the later waves of migration. For a detailed account of the dates 
of the waves of migration of the Malayan fish fauna Ho the Peninsula and their 
evolutionary divergences, reference is invited to Silas (1952). While the members 
of the Malayan fauna isolated on the Indian Peninsula indicate various levels of 
evolutionary divergences, the Himalayan fish fauna does not show such diver- 
gences from the Malayan forms, except probably in the Eastern Himalayas, where 
the recent orogenic movements (Chibber, 1949) have brought about a certain 
amount of speeiation. A detailed account of the fish fauna of the Himalayas will 
soon be published by the author elsewhere. 
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Ever since Prof. Birbal Sahni reopened the question of the age of the Deccan 
Traps in the year 1934'^ our interest in this formation has been actively 
revived and several papers have been published dealing with this and other 
allied problems connected with these lava flows. The object of the present 
paper is to review this recent work, with particular reference to two important 
aspects of the Deccan Trap formation — (/) the nature and disposition of the 
‘feeding fissures’ for these eruptions, and (//) the age of this eruptive activity. 
These two aspects are, in a way, closely interrelated and are best considered 
together. 

‘Feeding Fissures’ of the Deccan Trafs 

From the days of W. T. Blanford who established, nearly 80 years ago, 
that the Deccan Traps are the result of the accumulation of subsrial lava flows, 
geologists have tried to ascertain the nature and recognise the location of 
the numerous fissures through which such enormous quantities of lava have 
been erupted. In the earlier days, the fact that a number of dykes were noticed 
here and there in the Deccan trap country, as for instance in the Rajpipla 
hills, in Cutch, Kathiawar, and other parts of Western India, seemed to furnish 
an answer to this question ; for they would obviously indicate the required 
‘passages’. But in the light of what we now know regarding the duration 
and history of these eruptions, it is realised that the problem is not so simple. 
On the other hand, the perusal of the recent paper on “ Dykes in Western 
India — a Discussion of their relationships with the Deccan Traps ” by 
Dr. .T. B. Auden’^ shows how diflScult this problem is. In this important paper, 
Auden has given a detailed account of the numerous dykes occurring in the 
different parts of the Deccan Trap area and points out that “ these are 
not distributed in a haphazard manner, but are concentrated as clusters, 
swarms, arcuate dykes, and dyke networks in definite areas.” A significant 
fact regarding these dyke swarms and networks is that “large areas of the 
lavas appear to be free from dykes; for the dykes, where they occur in 
abundance seem to be concentrated in well-defined zones next to which are 
much wider areas where the dykes are scarce or absent”. From an elaborate 
study of the nature and disposition of these dykes, evidences have also been 
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provided in this paper which indicate “that many of these dykes were possibly 
altogether later than the lavas into which they are injected and may have 
belonged to a subsequent hypabyssal phase”. In the concluding part of the 
paper. Auden refers to the views put forward by Glennie on the basis of gravity 
observations which indicate that “the Deccan Traps have little systematic 
influence on the gravity anomalies ; and the high positive anomalies are to a 
large extent independent of surface geology, and indicate warps in the basalt 
and dunite layers of the sima. The distribution of dyke swarms in Western India 

may well be concentrated in the region of sub-crustal warps The actual 

manner of extrusion of the lavas cannot however be determined by geodetic 
evidence, the value of which is in the indication of a raised basaltic layer and 
the thinning of the sial crust.” Now that it is clear that many of the dykes 
in the Deccan Traps were intruded later than the outpourings of the lavas, 
“the problem becomes the more urgent as to the manner of the eruption, 
of the lavas.” 

In this search for the ‘feeding dykes’ of these eruptions special importance 
is attached to the recognition of the first fissures which were ripped open 
in the pre-trappean terrain and served as channels for the earliest lava flows 
This is indeed a very interesting problem and is closely connected with the 
question of determining which the earliest flows are in the present mass of 
the Deccan Traps, — a point of vital importance also in determining the age 
of these first eruptions. The problem of these ‘first fissures’ has also been 
ably discussed in aU its aspects by Auden in his recent paper. 

Following the well accepted idea that the first eruptions took place along 
the eastern margin of the Deccan Trap area and remembering that what we 
now see of the Deccan Traps is only a remnant of the original formation 
after a long period of subaerial denudation, one would naturally look for 
the first ‘feeder dykes’ in the belt of country just outside the present eastern 
margin of the trap area. The question also arises here whether the small 
but important outliers of the Deccan Trap in Rajahmundry and in Sind ori- 
ginally formed part of the main body and have now been separated due to 
the denudation and removal of the traps in the intervening country, or 
whether these were distinct and separate from the beginning; our view on 
this point will influence our outlook in the search for the ‘feeder dykes’ in 
the intervening areas. 

In this connection attention may be drawn to the ideas put forward by the 
present writer in a comprehensive paper on “The Deccan Traps” published in 
1936.® In this paper, the problem of the exact nature and behaviour of the 

floor on which the lava flows accumulated and the location of the first feeding 
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fissures on the pre-trappean surface have been discussed. The picture 
visualised therein regarding the evolution of the geological history of the 
trappean area and the distribution of the lava flows of successive periods of 
eruptive activity, will be helpful not only in dealing with the question of the 
‘feeding fissures’ of the Deccan Trap flows, but also in discussing the problem 
of the age limits of these eruptions. Special attention may here be drawn 
to the following extracts from this paper. “The Deccan Trap eruptions of 
lava (immediately after the final close of the trappean period) covered not 
only a large part of peninsular India but must also have extended over 
quite a large area of this land to the southwest of the present coastline. 
This extensive area of eruptive activity appears to have been generally in the 
form of a broad, shallow (probably saucer-like) depression more or less 
oval in outline with its longer axis roughly NE-SW. Of course the sides and 
bottom of this depressed area were not so smooth and regular as in the case 
of the analogy suggested, but were highly irregular being composed of a 
number of more or less gently undulating ups and downs, with several lines of 
drainage determined by the irregularities of denudation necessarily present 
on such an ancient land area ; and it is presumed that the fissures were split 
open on the floor of such a basin.”. . . .(/) “ Under these circumstances, with 
the continual emission of highly fluid lava, almost as thin as water according 
to Iddings, from these fissures the lavas will flow out, fill up all the minor 
depressions and thus ultimately tend to fill the entire basin from below upwards 
covering all the irregularities in this process ; and with the lavas highly fluid 
and mobile, they would naturally at all stages of this filling up show a more 
or less level surface. Further, when the basin is thus filled' up by the con- 
solidated lava, the main vents themselves through which the lavas came 
out would be covered up by the entire thickness of the lava flows above, thus 
concealing them from view altogether. Thus though fed only by a few vents 
on the floor of the basin, the highly liquid lavas would gradually extend out 
and cover more and more of the outer regions of the basin till atlast the entire 
basin is filled up and the area becomes more or less a flat plain of lava. 
It would thus be possible to see along the peripheral regions, for instance, 
of such an area quite a thick series of lava flows, without any actual vent 
being noticeable below.” These first lava flows are what we now recognise 
as the ‘lower’ traps. Then there was a -pause, (fi) “Sometime later, there 
was a violent recrudescence of eruptive activity, and new fissures were opened 
out from time to time through which enormous volumes of lava were extra- 
vasated. But now there appears to have been a gradual diminution in the 
eruptive area, the general tendency being for the concentration of the eruptive 
fissures in the central part of the original basin, in the country within a radius 
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of about 100-150 miles from Bombay. Side by side with this, as a consequence 
of the diastrophism which ultimately brought about the foundering of this 
part of the Gondwanaland southwest of Bombay, there appears to have 
arisen a gradual and gentle ‘sagging’ or ‘warping’ of the ground which became 
more and more pronounced as we approached the centre of the new area of ' 
eruptive activity. Thus there would come about in this region a fairly pro- 
nounced depression, gradually shallowing away as we went outwards and 
finally merging into the flat country of the lower traps all round. The 
lava flows succeeding the lower traps were more or less confined to this 
depressed area, the floor of which appears to have further subsided gradually 
in course of time under the weight of the increasing lava flows above. The 
diastrophism in this area accompanied by the voluminous extrusion 
of the underlying basaltic magma must have disturbed the isostatic equilir- 
brium, so that locally the crust began to yield and sag under the increasing 
load above — a load composed of basaltic lava which is much heavier than 
normal sediments. Thus arose conditions favourable for the accumulation 
of enormous thicknesses of lava reaching a maximum of about 5,000 feet or 
more in the central part of the area, the different flows making up this thick- 
ness being under these conditions always more or less horizontal. These 
constitute what we now call the ‘middle’ traps. This second eruptive activity was 
much more powerful than the first and very much larger volumes of lava were 
extravasated. These eruptions were obviously so continuous both in time 

and space that no inter-trappean sedimentary beds could be formed.” (m) 

“ Sometime after the formation of the middle traps, there was again a recur- 
rence of eruptive activity, but now confined to an area even smaller than that 
of the second series of eruptions — just within a radius of a few miles round 
about Bombay. These lava flows the ‘upper’ traps of the present-day represent 
the last stages in the decline of volcanic activity and were feeble and inter- 
mittent. These lavas, like the later flows of the middle trap period, had to 
come out through fissures cutting through a great thickness of the traps below, 

and were therefore naturally accompanied by the formation of ash beds.” 

(zv) “ Not long after the close of the upper trappean period, there came about 
the foundering of the land bridge between India and Madagascar, and with 
it went down a part of this great trap formation below the sea. The western 
coastline of India was now established practically in its present confi- 
guration. , 

The four progressive stages numbered above roughly correspond to 
the four main periods of eruptive activity comprised within the general term 
‘The Deccan Traps’, and each with its own set of associated ‘feeding fissures’. 

It is significant to note that the hypothesis suggested above of a sinking floor 
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during the progress of volcanic activity is also confirmed by Auden who says : 
“Since borings prove that the base of the traps now extends in many localities 
to considerable depths below the sea level, there are confirmatory indica- 
tion of inter-trappean or post-trappean depression of the pre-trap floor.” 

On the question of the former extension of the area of these trap flows 
beyond the present western coastline, the results of the recent studies of the 
floor of the Arabian Sea by Wiseman and SewelP® are interesting. They were 
able to obtain fragments of rock from the sea bottom both on the Carlsberg 
ridge, and from the deep basin on its north-eastern side. All of these were 
of the basaltic type. In their chemical composition, however, these basalts 
seem to differ in some respects {e.g., in showing less total iron) from the 
average composition of the Deccan Trap in India. But from what we know 
of the variations in the chemical composition of the Deccan basalts among 
themselves in India, it may not follow that “ these basalts from the Indian 
Ocean cannot be regarded as a westward continuation of the Deccan Trap”. 
As the authors themselves have stated “since geophysicists regard the earth 
as showing a gradual increase in iron from the periphery to the core, the 
question may be asked whether it is possible for continental basalts which 
presumably have been thrust to the surface through a greater thickness of 
sial to originate at greater depths and consequently be richer in iron than 
those erupted on the ocean floor”. It may be noted, however, that this 
statement implies that these basalts recently collected from the Indian Ocean 
were erupted ‘on the ocean floor ' ; but whether it was so, or whether it is not 
a case where these lavas were erupted on land areas and these have since been 
submerged and become part of the ocean floor, is a point for consideration. 

In this connection, reference may be made to the views expressed on some 
of these questions by Prof. N. Krebs, the well-known German geomorpho- 
logist, in a paper which he published in 1933* based on observations made 
during a visit to India in 1931. 1 have not been able to refer to this paper 

in original ; but a nice summary of Krebs’s morphological observations in 
relation to the views expressed by me in the 1936 paper® has been given by 
Dr. Arthur Geddes (of the Department of Geography, Univetshy of Edin- 
burgh) in a personal communication on “ Recent theories of the structure, 
erosion, and relief of the Deccan Traps — a Review” which he prepared and 
sent me after his visit to these parts in 1939, and based on his own observations, 
field notes, sketches and photographs both on land and from the air. As 
Geddes puts it, “this morphological approach is the more valuable in that 
the structural data are meagre, both because of the difficulty of stratigraphy 
in lavas such as these, and because of the drowning of the westernmost 
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outflows by the sea.” Referring to the present disposition of the lavas along 
the coast in the neighbourhood of Bombay, Geddes says : “From the summits 
of the Ghats around Bombay, there is a definite dip of the strata westwards 
towards the sea (though hardly observable to the naked eye) as well as a more 
marked and clearly visible dip towards the structural basin of Bombay which is 
noticeable as one enters the harbour. This dip of the strata shows that the last 
phase in the great series of continent building disturbances was the downwarp- 
ing into the Arabian Sea of these lava beds and of the underlying crust, with or 
without faulting in addition. One is even inclined to ask, with Krebs, whether 
this final phase of warping may not have been accompanied by the creation 
of fresh fissures and lava outflows witnessed to by the roughly north-south 
direction of so many of the minor ridges and valleys of the Konkan lowland. 
It should be added that this subsidence of the western portion of the Gond- 
wana continent westwards of the present Konkan coast may well have been 
accompanied by a slight uplift, or upward warping at the time. This would 
help to explain that while the strata dip seaward to the west of Matheran, — 
an isolated north-south ridge which continues the axis of the western ghats 
northwards into the Bombay embayment, — to the east of this ridge, 
there is an appreciable dip the other way. Hence the present altitude of the 
western ghats relatively to the west of the Deccan Trap summits, would be 
augmented by slight uplift, concurrent with profound subsidence forming 
the Arabian Sea. It is worth examining the evidence for this assumption 
in greater detail by comparing structural data established by earlier geologi- 
cal survey with Krebs’s comments on the associated morphology.” Talking 
of the tectonic trend lines and associated structural features as shown by 
physiographical studies, Geddes says : “ The revelation of the structure lines 
by the dominant north-south ridges and valleys, and secondarily by other 
NW-SE or W-E trends have been ascribed to the resistence of harder magma 
which had welled through fissures; but it may be that secondary heating 
of the pre-existent lavas hardened these, so leaving these in situ after the 
intrusive matter had itself been eroded. Dykes there are however which 
go straight across the country forming the cores of ridges, whether as combs 
along mountain ranges, or as dark walls over the more level portions of the 
plateau. They are particularly noticeable in the neighbourhood of the Tapti 
and Narbada rivers in a west-east direction ; and in the floor of the Tapti 
valley between 74° and 75° E, they form a ribbed floor to the valley which 
shows through the forest cover, cultivation being impossible on so rough a 
surface. Where found, most frequently they are of weathered columnar basalt. 
They guide the details of the topography, the stream lines, and the minor 
modelling, often in consonance with the major direction of ridge and valley.... 
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While the zigzag formation or front of the scarp of the ghats is influenced 
by the many differently oriented tectonic lines, its forms are exogenic, that is 
essentially due to the action of erosion. In a localised study such as this, 
one can do no more than recall that underneath the lavas atleast as far 
north as the northern edge of the Bhima basin, structural trends deflect the 
rivers somewhat southwards from the main direction of the slope (from west 
to east) to the Bay of Bengal. These trend lines, when produced, seem to 
run parallel to the picturesque ridges of the granitic rocks and schists which 
traverse the Mysore plateau from north to south, or rather from NNW 
to SSE. Thus the present trend lines of the lavas must correspond to a con- 
siderable extent to the underlying structure continuing the history and reveal- 
ing the nature of the older shatter-belts below.... Yet however ancient may be 
the origin of the tectonic lines visible in the rock structure or influencing its 
sculpture, the most recent of the intrusions may belong even to a later stage 
than is specifically suggested by Rao. As Krebs points out, the last down- 
warping to the sea observable in the strata of the Konkan may well have been 
accompanied by final outpouring of lava.” After reviewing all the obser- 
vations, Geddes concludes : “The data of structure, when re-examined along 
with those of erosional forces and the resulting of land forms, thus combine 
to show that slow western warping and submergence have taken place and 
still continue. The predominance of well-marked lines of river valley or 
ridge close and frequently parallel to the coast show that the main recent 
and contemporary axis of warping and submergence near the coast, and 
marked by it, is a phenomenon continuous with the structural processes where- 
by the latest lavas welled up through fissures to the surface of this zone. 
There is thus harmony between these data reviewed by Krebs and those mar- 
shalled by L. Rama Rao to show that the latest concentration of the lavas 
accompanied a subsidence of the underlying rocks towards Bombay.” 

From this brief review, it is obvious that this aspect of the Deccan Trap 
study regarding the ‘dykes’ and ‘ fissures ’ associated with these lava flows 
and their relation to the previously existing tectonic trend lines in the trap- 
pean area is a very complicated one, and it is still difficult to speak of con- 
clusions with • any convincing definiteness. In considering this problem it 
is important to remember that the Deccan Trap formation is not the result 
of just one outburst of eruptive activity. On the other hand, we have several 
evidences to show that it was the result of a series of eruptions spread out 
over a fairly long period of time. In the words of Iddings, “not one burst 
but repeated flows through long ages have built the plateau of the Deccan.” 
In fact, we now recognise 4 such units of eruptive activity, and it is clear that 
associated with each one of these units both in time and space there must have 
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been corresponding ‘feeding fissures’. We must therefore recognise different 
‘generations’ as it were of these fissures and resolve the present dyke systems 
in the Deccan Trap country accordingly, correlating those of each generation 
with the corresponding period of outflows. At the same time we must also 
remember, as Auden has shown in his paper, that not all dykes that we see 
now were necessarily of the nature of ‘feeding fissures’ for lava flows ; some 
of them were mere intrusive masses which never opened out on the surface 
and must therefore be considered as ‘non-feeder’ dykes. Evidently more 
work is required in this fascinating study before an adequate solution 
of the dyke problem can be reached; Auden has actually indicated in the 
concluding part of his paper the several points in regard to which further 
data are necessary. In view of the difficulties in the stratigraphical correla- 
tion on field evidences of these lava flows in widely separated areas, and the 
recognition of the relative age of any given flows in any particular area in 
terms of the formation as a whole, it would be most helpful if some method 
is devised by means of which such an equivalence could be recognised, and 
we are able to decide to which part of the entire succession any given trap 
flow belongs. In the absence of fossils, this problem will have to be tackled 
from the petrological and petro-chemicai side. If a sufBciently large number 
of selected samples from different stratigraphical levels recognised in the 
field could be examined in detail from the chemical and optico-mineralogical 
points of view, and possible variations plotted in a continuous series, it may 
be possible to construct a time scale,— any sample of the trap from any part 
of the formation being referable to its position in this scale using its specific 
chemical and mineralogical characters as an ‘ index ’ of relative age, much 
as a fossil would be in the case of fossiliferous strata. Another possible 
way of attacking this problem is perhaps from the side of ‘ radioactive ’ 
determinations. If a large number of determJnations are made covering the ‘ 
full range of the trap samples from the lowest to the highest portions of the 
trap formation, then it may be possible to fix the relative age of any given 
trap flow in relation to the entire succession on this basis. Studies on the 
above lines may be expected to be very helpful in discussing many of the 
problenis connected with the Deccan Traps. It is hoped that the ideas 
summarised and reviewed above will, by helping us to take stock of the 
present position, stimulate further research and discussion ultimately leading 
to a full and satisfactory solution of these problems. 

The Age of the Deccan Traps 

Indian geologists are familiar with the recent controversy regarding 
the age of this Deccan Trap eruptive activity. For quite a number of years 
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we believed on the evidences and arguments first put forward by W. T. Blan- 
ford so far back as 1880 that the Deccan Traps were upper Cretaceous in 
age — the eruptions having started at or about the Cenomanian time and dying 
out during the danian. In the year 1934, Prof. Birbal Sahni re-opened this 
question’ and pointed out that the direct evidence of the numerous plant 
fossils which he noticed in the inter-trappean beds in the Nagpur-Chhindwara 
area did not fit in with the current ‘upper cretaceous’ view, but on the 
other hand clearly indicated an eocene age; and seeing that in this 
area, we are actually dealing with the earliest eruptions which belong to 
the base of the series, Sahni naturally proceeded to conclude “ that 
the Tertiary era had already dawned when the first lavas of the Deccan 
were poured out. ” This conclusion in favour of an eocene age was also 
supported by the study of the infra and inter-trappean beds and their fossils 
in the Rajahmundry area.® It has been repeatedly suggested that the traps 
near Rajahmundry also belong to the Deccan trap formation and are equivalent 
to the base of the series, corresponding in age with the traps of the Nagpur- 
Chhindwara area. This view has been further supported by the recent work 
of E. Venkayya® who, from a detailed petrological study of these trap rocks, 
finds “ a close similarity in chemical composition between the Deccan Traps 
of this region and those of Central Provinces, though they have been separated 
by a distance of more than 200 miles. This lends support to the view that the 
traps of the Rajahmundry are genetically connected with the main Deccan 
Trap outliers.” There can thus be no doubt that the evidence in this area 
is quite pertinent to this question of the age of the Deccan Trap and must 
be considered as supporting Sahni’s conclusion in favour of an eocene age. 
Thus the controversy arose — are the Deccan Traps Cretaceous or Tertiary ? 

Our starting point for the present review will be the Discussion on “The 
Age of the Deccan Trap” held at Hyderabad during the Science Congress 
in the year 1937 ; for on that occasion our attention was focussed on this 
problem and authoritative expositions of the various points of view were 
given by the leading workers in this field. At the end of this discussion, a 
full report of which has been published, it was generally admitted, in the 
light of recent studies, that this eruptive activity was definitely a post-cretace- 
ous phenomenon. In the light of the new palaeontological evidences, the old 
geological arguments of Blanford in favour of a cretaceous age were critically 
reviewed and discussed in a paper on the Deccan Traps published by the 
present writer in 1936®; at the Hyderabad Discussion in 1937, they were 
similarly scrutinised by Dr. Crookshank.of the Geological Survey of India; 
in the year 1938, -further comments were made on Blanford’s views by 
Dr. M. R. Sahni in the course of a discussion on “Discrepancies in the 
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chronological testimony of fossil plants and animals” at the Calcutta session 
of the Science Congress. A careful perusal of all this literature makes it 
clear that there is nothing in the field evidences to go against the conclusion 
based on the direct testimony of the inter-trappean fossils in favour of an 
eocene age ; and in fact, this was really the first view put forward by the 
pioneer geologists of a century ago. 

It must however be remembered that the evidences which have been 
put forward in support of the Tertiary age all come from the lowermost or 
basal lava flows ; and therefore what we have now done is to fix the lower 
age limit of the Deccan Trap formation ; the question still remains as to when 
the eruptive activity finally closed down, or in other words — what exactly 
is the upper age limit of this formation ? 

In several of the papers dealing with the recent discussion referred to 
above on the age of the Deccan Trap, passing references have been made 
to this question, and the tendency seems to be to think that the last eruptions 
had ceased before the close of the eocene and thus to believe that the Deccan 
Trap eruptive activity was confined to within the limits of the eocene 
period. During the 1937 discussion. Prof. Sahni had an open mind on the 
matter; but in 1940® he was inclined to the view that “the chances are that 
the whole of this imposing thickness of thousands of feet of igneous rock 
was poured out within the relatively short interval of the eocene period. 
Quite possibly, this terrible drama of fire and thunder was only a brief episode 
of the very earliest part of the eocene.” In the discussion at Hyderabad 
in 1937, Dr. Crookshank concluded by saying: “In my opinion the earliest 
Deccan Trap flows ushered in the eocene period in India. There is no reliable 
evidence as to how long the vulcanism lasted ; but from the general resemblance 
of the fossils in the uppermost inter-trappean beds at Bombay to those in 
the Central Provinces, I think it probable that all the trap flows are eocene.” 
On the basis of his petrographical, chemical, and ‘radioactive’ studies of 
a number of samples of the Deccan Traps from Cutch, Kathiawar, Gujarat, 
and the western coast of India up to 80 miles south of Bombay, Dr. V. S. 
Dubey recognised 4 divisions in the Deccan Trap series, including the later 
acid and ultra-basic members several of which he said indicate a middle 
tertiary age. Dr. W. D. West was of the view that “there could be little 
doubt now that the age of at least the greater part of the Deccan Trap must 
be assigned to the early tertiary ; he was less confident about taking the upper 
limits as high as Dr. Dubey wished.” 

It must be remembered that this' question of the upper age limit is closely 
connected with our ideas regarding the duration of these eruptions as gathered 
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from the geological history of the Deccan Trap period. So far back as 1867, 
W. T. Blanford expressed the view that “a large division, even of geological 
time, may very probably have elapsed during the accumulation of the 
Deccan Traps.” He says: “The Nagpur inter-trappeans are associated 
with the lowest traps seen near Nagpur (which according to him were 
Cenomanian in age) and the Bombay inter-trappeans with the highest seen 
near Bombay ; and as both belong to one series, it is fair to conclude that 
the period of their formation differs by a very large proportion atleast of the 
time during which the traps accumulated.” In the year 1932, when Blanford ’s 
view of the upper cretaceous age was still current. Prof. K. K. Mathur and 
P. R. J. Naidu, in a paper on “Volcanic activity of the coastal tracts of 
Bombay, Salsette and Bassein” observed : “A certain amount of time must 
be allowed subsequent to the gigantic vulcanicity of the Sahyadri Range 
for their denudation to the level of the coastal plain before the lavas of 
Malabar Hill, Kharodivadi and Nale Sopara Hill made their appearance. The 
early investigators have very rightly grouped this phase as the uppermost 
division of the Deccan Trap ; but there is a possibility of an appreciable gap 
between the middle and the upper divisions, and it is by no means certain 
that the Cardita beaumonti beds of Sind fix the upper limit for the igneous 
activity of the Bombay coast. There is atleast a possibility that it may be of 
a much later date.” In my paper published in 1936,® I referred to this question 
of the upper age limit of the traps, and put forward certain considerations ’ 
and arguments in support of the view that these eruptions which started at 
the dawn 6f the Tertiary continued not only throughout the eocene but ex-| 
tended, though intermittently, even into later periods. Recent investigations i 
by Dubey, Kalapesi, Sukheswala and others on the age determinations by , 
radioactive studies of some of the latest members of the Deccan Trap series 
found along the west coast of India seem to clearly support this idea of a; 
much younger age limit. In a recent paper. Dr. S. I-. Hora refers to the 
zoogeographical distribution of the fish fauna of the western ghats and says^: 
“It would appear that the final phase of the Deccan Traps most probably 
occurred in more recent times than the Tertiary.” From the evidence 
afforded by the torrential fishes, it seems most probable, according to Hora,; 
that the age of the final eruptions of the Deccan Trap is “not older than the 
Quaternary period of the earth’s history.” From a study of the distribution 
of crocodiles and chelonians in Ceylon, India, Burma and Farther East® he 
comes to a similar conclusion and is inclined to connect these fissure eruptions 
with the rise of the Himalayas. He says : “Like the Himalayan movements 
and probably contemporaneous with them, the outbursts of lava also occurred 
at varying intervals.... The last lava outburst may be contemporaneous 
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with the formation of the Siwalik hills in the Pleistocene period, or may be 
even younger than that, as is evident from the distribution of the present- 
day forms.” Auden in his recent paper^ on the Dyke problem has also refer- 
red to this question and says : “It is probable that the Deccan volcanic episode 
may have existed throughout a much longer period of time than was formerly 
supposed, notwithstanding the believed uniformity of petrological type over 
most of the area with the exception of Kathiawar.... Available evidence 
indicates that the extrusion of the Deccan lavas was prolonged, and quite 
possibly intermittent, and periods of eruptive quiescence may have intervened 
during which marine transgressions took place in the west.” In this connection 
it is significant to note that we have on the other side of the Arabian Sea, a 
similar ‘Trap formation’ in Abyssinia ; and according to Dr. C. S. Fox 
“the oldest of the Abyssinian lavas is not older than upper cretaceous, and 
was possibly poured out in eocene times. The younger traps, judging by 
fossil wood from inter-trappean beds, is probably of miocene age.” 

Side by side with the idea of correlating the Deccan Trap eruptions with 
the different phases in the Himalayan upheaval, there is also the other view 
that these eruptions are to be connected with the disruption of the Gondwana- 
land; for instance, in 1930 Joly said: “It was at or near the close of the cre- 
taceous and dawn of the eocene that this great continent (named by Suess 
Gondwanaland) broke up and as a continent disappeared. This event was, 
so far as we know, synchronous with the overwhelming of Peninsular India 
by a mile deep covering of the basaltic substratum. And further, it is believed 
that the diastrophism in Gondwanaland was connected with the movements 
which led to the overflow of the Deccan.” According to Cowper Reed, 
“ the date of the dissolution of the great continent (Gondwanaland) is not 
precisely determined, but it was a process of many stages, and was not 
simultaneous or uniform over its whole extent, — In India, the culmina- 
tion of the development of the fissures with a general east- west trend took 
place at the end of the Cretaceous period, and the molten material of the 
Deccan eruptions welled up through them and spread out over the surface 
as horizontal sheets of lava, or formed dykes, the parallelism of which to 
the faults has often been noticed. The truncated edge of the table land in 
South Africa (where the marginal faults involve the Tertiary beds) and the 
similarly abruptly broken edge of the volcanic plateau of the Indian 
Peninsula prove that some of the downward movements took place much 

later, and in post-Cretaceous times The outlines of South Africa and 

of the Indian Peninsula have been determined by long faults with down- 
throws respectively to the east and west. The structure of the sub-oceanic 
floor supports this view of their origin.” 
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Thus at first sight it would appear that we are not yet sure as to with which 
of these two diastrophic movements we should associate the Deccan Trap 
eruptions; but actually there will be no such diflaculty if we recognise the 
possibility that these two events — the breaking up of the Gondwanaland, 
and the upheaval of the Himalayas — ^were themselves probably in a wa^ 
correlated. We know quite a lot about the chronological sequence of the 
different stages in the Himalayan upheaval; but we do not know in such 
detail the different stages in the disruption of Gondwanaland. It is by no 
ijiq^ns unlikely that there is a certain amount of parallelism between these 
two manifestations of diastrophism, in which case the history of the Deccan 
Trap eruptions would naturally go hand in hand and be correlatable with both. 
Prof. Mathur had probably some such idea in his mind when he said in 1934—^ 
“The history of the Deccan Trap period is' intimately connected with the 
breaking up of the Gondwanaland and the elevation of the Himalayan chain.” 
Similarly Prof. Sahni, who said in 1938 : “The available data, geological 
and oceanographic, indicate that the northern part of the Arabian Sea covers 
a foundered tract of land which once connected India with Arabia and Somali- 
land. The foundering appears to have resulted from block-faulting due to 
compression possibly related to the Himalayan erogenic forces.” It may 
also be noted that in their paper on the Floor of the Arabian Sea, ^Wiseman 
and Sewell make the following important statement : “It seems highly pro- 
bable that the floor of the north-west part of the Indian Ocean, as we know 
it to-day, assumed its present form as a result of compression in Tertiary 
times, probably contemporaneously with the upheaval of the Alpine- 
Himalayan mountain system, and the arcs of the Malay Archipelago and of 
the formation of the Rift Valley. Subsequently in Pliocene or Post-Pliocene 
times the area of land that once filled the triangle now bounded by the 
northern part of the East African coast and its continuation, the south-east ( 
coast of Arabia, the Baluchistan coast, and west coast of India, became 
separated off by a series of faults and was submerged to its present depth.” 

Froip a review of all these considerations and having regard to the duration 
of these eruptions as gathered from the geological history of the Deccan Trap 
period, it seems almost impossible to compress the entire eruptive history 
within the confines of a relatively small period of time represented by the 
eocene system. According to Blanford, the duration of this eruptive acti- 
vity was between the cenomanian and the danian of the cretaceous. This 
period of time — cenomanian to danian— is admittedly very much longer 
than that covered by the eocene system; and if on present evidences 
we differ from Blanford and have fixed the /ower age limit as not cenomanian 
but lower eocene, it follows that starting from this point and providing for 
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h e necessary duration of time for the geological history of these eruptions, 
the upper age limit of the trap formation as a whole must extend far into the 
Tertiary. Thus it would appear that, as Dr. Geddes puts it, “the Tertiary 
‘land storm’ which led to the upheaval of the marine sediments and of the 
underlying beds of Tethys, the ancient central sea, and their folding into the 
"llimalayan ranges dividing the uplifted Tibetan plateau mass from the Gond- 
wanaland plateau to the south, would be accompanied, not preceded, by 
the beginnings of rifting in .this plateau mass and by the recurrent outflow of 
sheet upon sheet of lavas welling through rock fissures.” ^ ^ 

It is not unlikely that further and fuller studies from the stratigraphical 
and palseontological points of view, which I think should now be actively 
undertaken, will ultimately confirm this conclusion. It is particularly neces- 
sary now to make a thorough study of all the fossils in the upper inter- 
trappean beds found near Bombay ; it must be admitted that these have been 
badly neglected and full justice has not been done to their testimony as age 
indicators. There is certainly no support or justification for the statement 
that “there is a general resemblance of the fossils in the uppermost inter- 
trappean beds at Bombay to those in the Central Provinces.” On the other 
hand, as Cowper Reed points out, “Plants, entomostraca, mollusca and 
reptilian and amphibian remains are found in them, but none of the characteri- 
stic fossils of the lower inter-trappean group.” We should also at the same 
time look for the possible occurrence of fossiliferous inter-trappeans (looking 
carefully for microfossils also) at other stratigraphical levels between Nagpur 
and Bombay in the trappean succession. In any case, it seems undesirable 
that we should commit ourselves at present, directly or indirectly, to the 
view that the Deccan Trap eruptive activities were confined to the eocene 
only. In the present state of our knowledge, I think the upper age limit of 
the Deccan Trap formation must atleast be left as an open question. 
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I— Review of progress of the Society 
during 1949 

The Zoological Society of India 
has had another successful year of its 
existence. Its Kiembership has nearly 
doubled for it has arisen from 149 at our 
last Annual Meeting to 275 now. There 
is still room for much further expansion 
and we hope and trust that our members 
will . spare no pains to enlist more zoo- 
logists and others interested in the 
Animal Kingdom. With our membership 
spread over a dozen foreign countries, we 
are international, not only in our scope, 
but also in our outlook and shall indeed 
welcome more members from outside 
countries. 

We are grateful to Dr. S, C. Law 
for becoming our first Benefactor by 
paying Rs. 500/- towards the Society's 
fund. His brother, Dr. B. C. Law, has 
very kindly contributed Rs. 250/- towards 
the publication of an article entitled 
"'Some observations on the knowledge of 
ancient Hindus, regarding animal life 
during the early Jain and Buddhist Period, 
Circa 600 B.C." in our JouvnaL We are 
very thankful to him for this. help. 

In electing Lt-Col. ' R. B, Seymour 
Sewell, F.N.L F.R.S., one of our Life 
Members, as our first Honorary Fellow 
we have paid a rightly-deserved compli- 
ment ^ to a person witL whom the 
advancement of zoological science in 
India is still a burning desire. I met him 
in London just a couple of months ago 
'and found him extremely enthusiastic 


and helpful in all matters pertaining to 
Indian Zoology. In honouring him, the 
Society feels greatly honoured itself. 

The Society has honoured 39 of its 
members by electing them as Foundation 
Fellows and I take this opportunity to 
extend to them my heartiest congratula- 
tions. They are the torch-bearers of the 
Society and we expect much towards our 
improvement through their scholarship 
and service to the Society. 

The number of Local Branches is now 
6 against 3 at the end of last year. The 
usefulness of our Society, until we have 
a. permanent home of our own, will lie in 
the activities of our Branches and, there- 
fore, I wish to lay special emphasis for 
the establishment of local branches at all 
University centres and other centres of 
zoological research. We have branches 
at present in Calcutta, Banaras, Bareilly, 
Hoshiarpur, Annamalainagar and Man- 
dapam. We extend to the Branches our 
good wishes and felicitations and request 
them to keep us fully informed of their 
activities so that the Annual Report can 
be made as complete as possible. 

The financing of the publication of 
the Journal has been our greatest night- 
mare and we arc not out of the woods yet 
in this respect. There is a proposal to 
increase the Membership Fee and to make 
it inclusive of the JournaL We have 
already economised by going to a cheaper 
press in Calcutta. We have received a 
larger contribution from the National 
Institute of Sciences of India this year, 
namely Rs. 800/- against Rs. 700/- for 
1948. The National Institute of Sciences 
of India has kindly agreed to recommend 
our case for Government grant in aid of 
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publication, but in view of tbe prevailing 
financial stringency much cannot be ex-' 
pected* We are thankful to the National 
Institute of Sciences of India for its kind 
interest in this infant society and we hope 
it will continue to encourage us in our 
endeavour to make zoology a living 
science in India. I have already referred 
to Dr. B. C. Law^s generous contribution 
of Rs. 15^!^ towards the Journal In 
spite of all this, an emergency still existed 
and I set up a Committee of 10 members 
consisting of the President, Secretary and 
Treasurer, as ex-officio members and 
Dewan Anand Kumar (Solan, Punjab), 
Dr. D. V. Bal (Bombay), Mr. K. N, 
Gupta (Banaras), Dr. M. A. Moghe 
(Nagpur), Dr. N. K. Panikkar (Manda- 
pam), and Mr. S. C. Verma (Allahabad), 
as members with D^. T. J. Job (Calcutta), 
as Convener and Secretary, to suggest 
measures for imporving the Society's 
finance with a view to maintain our pub- 
lications. The Committee has advised 
me that efiforts should be made to secure 
advertisements for the Journal and that a 
regular campaign should be made to se- 
cure more members, benefactors and 
patrons. Attempts should also be made 
to secure donations. I wish to express 
the aratitude of the Society to Prof. M. 
A. Moghe who has made a donation of 
Rs, 50/- towards the finances of the 
Society in response to this appeal. Dona- 
tions of Rs. 50/- and Rs. 15/- for publica- 
tion fund have also been made by Dr. M. 
A. M. Quadri (Aligarh), and Dr. K. S. 
Misra (Calcutta), respectively. 

Our Journal has been favourably 
commented in India and abroad, and we 
feel that in its publication we shall be 
serving real need of Indian zoologists. 

More than the efficiency of the begg- 
ing bowl, I believe in self efforts and to 
'raise funds I have undertaken to organise 
n Zoological Exhibition at Calcutta early 
in February in the Indian Museum. We 
have invited all organisations in Calcutta 
interested in any aspect of zoological 
science to join us in making the exhibition 
a success. The Trustees of the Indian 
Museum have already accorded their 
kind permission and the authorities of the 
Fine Art Exhibition have kindly promis- 
ed to leave their structures and ligfhting 


up arrangements in tact for our Exhibi- 
tion. We shall be working ourselves as 
guides and thereby explain to the general 
public the impact of zoology on human 
life. Thus, besides raising funds we 
shall be fulfilling the main objective of 
the Society viz., ''diffusing zoological 
knowledge among people.” I am sure you 
‘will all join with me in expressing our 
deep gratitude to the Trustees of the 
Indian Museum and the authorities of the 
Fire Art Exhibition for the great en- 
couragement they have given to us for 
holding this Exhibition. 

I was your soldier President, for your 
first objective was to put the Society on a 
firm footing and I believe this objective 
has been partly attained as will be evident 
from the fact that when the present Ex- 
ecutive took over office in 1947, the total 
number of members was 31; now it is 
275. The number of Life Members has 
increased from 10 to 29. The Society 
has been able to bring out two issues of 
the Journal at a cost of about Rs, 4000/-. 
The third issue is in the press and still 
we are not bankrupt, as was once appre- 
hended when the Journal was started. 
We took over with an opening balance 
of Rs. 1817/0/3 which represented most- 
ly life membership subscriptions and our 
grand total to the end of the year is now 
expected to be about Rs. 8700/-, though 
the working balance will be about 
Rs. 1000/-. In this work, I had the fullest 
co-operation and assistance of the office 
bearers and the members of the Com- 
mittee and I wish to thank them severally 
and collectively for their manifold kind- 
nesses and courtesies. I wish particular- 
ly to mention the services rendered by our 
Secretary, Hony. Major Dr. M. L. 
Roonwal, and Treasurer. Dr. B. S. Chau- 
han. But for their hard work, it would 
not have been possible to attain our 
present position. On behalf of the Society 
and on my own behalf, I express to them 
our sincerest gratitude and hope that they 
will continue to give time and attention 
to the Society for some years to come. 
Mr. M. N. Datta has done a great deal 
of work for the Society behind the scenes 
aYid though he shuns limelight I cannot 
helo recording Society’s sincere thanks 
to him for his services. 
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Having briefliy surveyed the work of 
the Society during 1949, your President is 
expected to address you on some subject 
of his research or of general interest to 
the zoologists in this country, I have 
selected ^‘Oceanographic Studies in 
Indian waters'' as the subject for the 
technical part of my address because it is 
of vital importance for the development 
of the nation as a whole and of special 
interest to zoologists, both pure and 
applied* 

n — Oceanographic studies in Indian 
Waters. 

There is no institute of oceanography 
in the Indian region and, therefore, 
the study of the Indian Ocean has so 
far received very little attention. Realis- 
ing this dificiency for the proper 
development of marine fisheries in India, 
the Zoology and Entomology Section of 
the Indian Science Congress, early in 
1946, passed the following resolution: — 

*The Section of Zoology and Entomology wishes 
it to he fully realized that the study of oceanography, 
both in its physico-chemical and biological aspeas, is 
of greatest importance fer the development of marine 
fisheries in India, and urges on the Gervernment of 
India the desirability of negotiating with Governments 
of the countries bordering on the Indian Ocean so as to 
secure their dose co-operation and collaboration in word- 
ing out a' joint scheme of setting up an Institute of 
Oceanography for the study of the Indian Ocean. A 
knowledge of wbat is taking place in the Indian Ocean 
must he one of the bases for the proper regulation .of 
fisheries in all surrounding countires.” 

I brought up the above subject for 
:onsideration at the British Common- 
svealth Scientific Official Conference in 
July 1946 {vide 0*C.62: Oceanography 
in the Indian Ocean) and apprised the 
Conference of the state of marine studies 
in the Indian Ocean and proposed that 
the countries of the Commonwealth 
should organise an institute jointly. 
For the location of such an institute, 
Ceylon and the Andaman Islands were 
suggested as possible sites, and its 
scope was to include both physico^ 
chemical and biological studies. Col. 
Sewell, at tEe same Conference,^ dealt 
with the ''Oceanographical problems in 
the Indian Ocean”* 

The Committee on Oceanography 
and Fisheries of this. Conference met on 


the 16th and 17th July, 1946, and passed 
the following resolution about the study 
of Oceanography in the Indian Ocean: — 

Urges on the Governments of rbc countries 
bordering on the Indian Ocean the desirability of close 
co-operation in studying the oceanography of that ocean, 
hi suggests Jthat such cowaperation. mighit be greatly 
facilitated by the establishment of an Institute of Oceano- 
graphy in a' suitable location, under the joint control 
and support of the Governments concerned.” 

In 1946, the UNESCO s Sub-Com- 
mission on Natural Sciences directed 
that the possibility of founding an 
Oceanographical and Fisheri?es Labora- 
tory for the Indian Ocean should be 
explored. The International Commission 
on Oceanography also urged in 1947 
that combined Oceanographic and 
Marine Biological Laboratory should be 
established in the Indian Ocean. The 
Indo-Pacific Fisheries Council of the 
F. A. O. at the Singapore meeting early 
in 1949 discussed the oreoaration of a 
co-ordinated scheme of Oceanographic 
Research for the South-East Asia as a 
whole. Apart from these, the Govern- 
ment of India have a scheme for the 
establishment of a Fisheries and Marine 
Biological Station in the Andamans 
which will also carry out Oceanographic 
research. The "Oceanography Com- 
mittee” of the Central Board of 
Geophysics in India has been set up and, 
pending the decision of the Government 
of India regarding any Oceanographic 
organisation of its own for the study of 
the Indian waters, this Committee con- 
templates joining the National Institute 
of Oceanography, London. It has already 
met and suggested the following priorities 
for ocean work;— 

1. Establishment of Tidal C^servatories at ports 
wbicb are under development, including observations 
such as salinity, temperature of coastal waters, etc. 

2. Biological work, vntb special empbaris on fish- 
eries, as for example, ollecrion of plankton, observa- 
tions on food supply, etc. 

3. Physical observations, observations on sedimen- 
tation, and! topography of coastal shelves. 

4. Magnetic and gravity observations in and 
around the Islands in tbe Bay of Bengal and Arabian 
Sea. 

5. Echo sounding. 

6. Collection of water, biological and geological 
samples. 
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It was also decided at this meeting 
that two areas, such as the Gulf of 
Cambay and the head of the Bay of 
Bengal with the coral reefs round 
Mandapam, may be provisionally selected 
for initiating investigations and the 
laboratory at Mandapam should be used 
for the examination of specimens and 
material collected. 

To complete the story of world 
interest in Indian Oceanography, refer- 
ence may here be made to the Interna- 
tional Commission on Oceanography, of 
which Lt.-CoL R. B. Seymour Sewell, 
F.R.S., lately Director of the Zoological 
Survey of India, is the Secretary. This 
Commission was set up in 1947 by the 
combined action of the International 
Unions of Biological Sciences and of 
Geodesy and Geophysics: one of the 
objects of this Commission has been ‘‘to 
invite the co-operation ^of a leading 
Scientist in all those countries, that pos- 
sessed a sea-coast and were interested 
in the study of oceanography, and ask 
him to keep in touch with the Commission 
and keep it informed regarding any 
oceanographical investigations that were 
being carried on or were contempla^ted 
in both physico-chemical and biological 
braniches*^ The Commission were 
pleased to appoint the tv-riter their 
Correspondent for India. 

It would appear from the above that 
there is .almost a world-wide interest in 
the study of the Indian Ocean bat there 
is practically no co-ordination between 
the agencies interested in the work with 
the result that an average zoologist 
becomes bewildered by the mass of 
resolutions and paper schemes. My 
present position as Director, Zoological 
Survey of India, requires that I must 
know something of Oceanography 
though it is not directly in my line, so 
I availed myself of the opportunity of 
a recent visit to the U.S.A. to educate 
myself on this subject. I visited the 
Oceanographic Institute at Woods Hole, 
the Bingham Oceanographic Laboratory 
of the Yale University at New Haven,, 
the Scripps Institution of - Oceanography 
of the University of California at- La 
Jolla and the School of Fisheries at ^he 


University of Washington at Seattle. At 
Woods Hole I saw the various modern 
devices used in the study of the ocean 
and marvelled at the leeway India has 
to make up in this science. Perhaps it 
may interest you to learn something about 
the fish shoals detection devices, and, 
to save time, I shall narrate just a few, 

I was not aware, and I am sure most 
of you are not aware also, that sometimes 
there is as much noise on the ocean bed 
as there is in an Indian bazaar. Through 
apparently simple devicies, these sounds 
are recorded and, by making collections 
at various depths, have been correlated 
with the types of animals making differ'^ 
ent kinds of noises. We listened to 
gramophone records and were informed 
of the types of animals that made those 
noises. Photographs can be taken at 
different depths for the study of the sea 
bottom or its fauna at various depths. 
Echo sounding apparatus and its appli-* 
cation for the detection of fish shoals 
are now common knowledge .and hardly 
excite much attention in western coun-^ 
tries. 

At the Yale University, I had long 
discussions with Dr, E. F. Thompson 
and learnt that in a University Course 
for a general outline for Oceanography, 
the students are given lectures on the 
following subjects:— History (2): oceans 
of the world (2); ocean floor (2); com- 
position of sea water (2); salinity a^nd 
temperature (general distribution) (2): 
heat balance ( 1 ) ; oceanic circulation 
(4); plankton and productivity (6): 
inter-relationship o f physico-chemical 
enviornment and animal life (5): 
bathymetric distribution^ (2): whales (2) 
and modern trends (2). These 32 lec- 
tures are delivered at the Yale University 
by 4 teachers, each specializing in certain 
lines of study. 

The Scripps Institution of Oceano- 
graphy, perhaps the largest and the best 
equipped in the whole world, has a staff 
of 54 officers and imparts instructions in 
“marine meteorology, biochemistry, geo- 
logy and microbiology; physical . and 
chemical oceanography; phytoplankton, 
marine invertebrates, and biology of 
fishes^ - • : 
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I have given the above details to 
impress on you that oceanography is not 
a single science but a combination of 
several sciences. In short, it is a held 
of endeavour, the achievements of which 
can be of the greatest interest and im- 
portance in various directions, both 
academic and applied. From this it 
follows that any institute we may wish 
to set up in the Indian Ocean should 
have adequate staff and sufficient and 
up-to-date equipment right from its com- 
mencement, for continuity of observa- 
tions is most essential in oceanographic 
studies. For financial reasons and lack 
of trained personnel, it will be necessary, 
therefore, to define at the very outset 
the objectives of the proposed institute. 
If we want only the knowledge of the 
physics and chemistry of the ocean then 
the Institute will subserve military, naval 
or air-defence problems and might enrich 
meteorology also. Such an objective will 
always have some applied aspect in view 
and general and fundamental basic 
research will be excluded. If, on the 
other hand, the objective be the study of 
the ocean as a biological environment, 
then the endeavour can either be applied 
to practical problems of the harvesting 
of the seas for improving human nutrition 
and raising his standard of living or it 
can be purely academic. 

Another important consideration in 
oceanographic work should be that, in 
the initial stages at least, it should not be 
spread over a wide area but should be 
restricted to practicable limits for a simple, 
integrated programme, small enough 
to permit complete studies, and large 
enough to provide significant results. 

As soon as an institute is planned 
for a certain region, attempt should 
immediately be made to collate and codify 
all existing oceanographical literature of 
that region. This will enable the various 
problems to be seen in their proper 
perspective and will save much time and 
labour of the technical staff. Further- 
more, students will be able to take up 
the problems immediately which will lead 
to a great expansion of knowledge. 

Whatever may be the objective-— 
academic research and teaching* military 


and naval requirements; meteorological 
requirements; geology and geodesy of 
the ocean bottom; or development of 
fisheries resources- — 'the lines ol research 
will have to be phased in such a way 
that there is a progressive development 
with room for adjustment as the work 
proceeds. Thus, there should be flexibi- 
lity of programmes of work. Full plans 
should be drawn up at the beignning and 
total costs calculated, though it may be 
necessary to make a small beginning. 
The programme of work will generajly 
have the following four phases:^ (i) 
Observations and codifications of existing 
knowledge (descriptive phase) ^ (ii) 
Generalizations arising out of observa- 
tions {analytic phase) , (iii) Prediction,, 
(iv) Controls. 

It is aibsolutely necessary that there 
should be a continuity of observations 
over long periods, otherwise the whole 
purpose of research would be defeamd. 
The data must be collected with the idea 
of establishing correlations in the varia- 
tions and fluctuations ol different factors. 
As the progress made leads to^ the 
development of the next phase, it is 
also essential that there should be no 
slackness in work under the earlier phases. 
The staff, library and equipment should 
be adequate at all times to handle the 
problems under investigations and team 
spirit should be encouraged to the highest 
degree possible. The results obtained and 
techniques developed by working on 
small representative areas could later be 
applied for the Survey of the whole area. 

During discussions at the Scripps 
Institution of Oceanography on the 
estabhshment of a new institute for the 
Indian Ocean, the following seemed to 
be the general lines of advice: — 

1. The objective should be the study 
of the ocean as a whole, both in its 
physico-chemical, geological and biologi- 
cal aspects, without any particular bias 
for applied researches of military, naval, 
meteorological, geological, geodetic and 
fisheries nature. The ocean should be 
studied for its own sake. 

2. For the establishment of such an 
institute, key personnel will be the first 
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necessity, and this was felt to be really 
a difficult task, as all-round good oceano- 
graphers are few and almost non-existent 
in the region of the Indian Ocean. 

3. Training of personnel could be 
undertaken in the following ways: — 

(i,) The appsintment of -a “Naturalist” (in place of 
a Surgeon-Naturalist) to the Marine Survey of India 
should be revived before the Survey work gets into 
operation, and the Government should define it as a 
policy that such oceanographic work as may lie within 
the power of the Naturalist to do without undue inter- 
ference with the work of the Survey Proper, will be 
regarded as part of the function of the Marine Survey, 
(di) Oceanographic studies should be encouraged in 
the Universities favourably situated for this work and 
foreign teachers should be reauited on short term 
basis to organise teaching and academic research. Sloop- 
type vessels available with the Indian Navy could be used 
for preliminary researches, (iii,) Students showing 
special aptitude for oceanographic work should be sent 
for overall training to the Saipps Institution of Oceano- 
graphy. (iv.) One of the top U.SA. oceanographer 
should be invited to India to take stock of the things 
and advise Government as regards location, programme 
of work and equipment for any new institutioni that 
may be started. 

It will be seen from the above that 
research ships and expensive equipjnent, 
though highly desirable for any long-range 
programme of oceangraphic researches, 
are not immediately necessary. It will 
take a few years before India can boast 
of having any oceanographer of her own. 
Let us make good our deficiencies by 
well-planned, progressive, evolutionary 
programmes and not start by incurring 
heavy expenses, for any failure in the 
initial stages will retard the progress of 
oceanographic work in India. Five or 
even ten years in a nation's life are not 
much, so we should be in no haste. Let 
us invest in men in the initial stages and 
not in material which cannot be properly 
used under the existing condition of our 
knowledge. 

The oceans of the world are three 
times as extensive as the land and how 
long have we taken to understand even 
a small part of the land! By their very 
nature, oceanographic studies are more 
difficult to pursue and will need greater 
application, human ingenuity and thought- 
fulness to tackle them. Let us then lay 
a broad-based foundation for our present 
and future studies, building on existing 
knowledge and enlarging it by scientific 
research conducted under Indiaii condi- 
tions. 


APPENDIX 

VIEWS OF SPECIALISTS 

Copies of the above note on “Oceano- 
graphic Studies in Indian Waters" were 
sent to specialists in the U.K, and the 
U.S.A., with whom the writer had the 
privilege of having had personal discus- 
sions on oceanographic studies. Since 
the views received are of permanent value 
and now constitute a Symposium on the 
subject, they are appended herewith with 
the kind permission of the authorities 
quoted. 

Col. R. B. Sbymour Sbwbll’s Vihws 

Extract from a letter dated the 6th December^ 19-19:* - 

You see oceanography in Indian waters, apart from 
the biological work of the ‘TnvesiJgator” land tlie 
“Mabahiss” is practically an imtouchcd subjea. We 
know practically nothing in any of the various branches of 
Oceanography so far as this area is concerned and any 
organised research will have to be carried on in close 
collaboration with .various Government Departments as 
for instance (a) the study of the bottom deposits and 
recks in collaboration witli the Geological ^rvey of 
India 'and the Geodetic Branch of the Survey of India, 
(h) the study of surface and deep-sea currents in 
close collaboration with the Fisheries Department: and 
both these lines of research will require die collabora* 
tion of the Indian Navy and especially the Marine 
Survey of India, when this starts to function again. 

I would press very strongly for die appointment 
of a ‘Natucalisd — to take the place of the old *Surg!eon 
Naturalisd to the Marine Survey of India, and get the 
Government to state definitely diat such Oceaiwgraphic 
work, as lies within the power of the Naturalist to do 
without undue interference with the work of the Survey 
proper, must be regarded as part of the function of the 
Survey. If this can be done before the Survey gets 
started it will be much easier to get this line of work 
recognised than will be the case if the Survey gets going 
and then an attempt is made later to introduce this 
branch of work into their programme. 

Extract from a letter dated the 6th January^ 1950. — * 

The study of the Indian Ocean or more 
precisely, the northern part of it, comprising the Arabian 
Sea and Bay of Bengal regions, has in die past received 
considerable attention ais regards its Zoological aspect. 
Since 1884, a succession of Surgeon-Naturalists to the 
Marine Survey of India have conducted researches into 
the fauna of the deep-sea, and this work only cam^ 
to an end in 1926. Professor J. Stanley Gardiner 
conducted two Expeditions to the Coral Islands of the 
Arabian Sea region, fr^ 1899 to the Maidive and 
Laccadive region and in 1905 to the Chagos Archipc* 
lago and the coral regions to the West between the 
chagos and the African coast. In this line of research 
the work of Col. A. Alcock was of great importance, 
resulting in the production of a nutobet of eitttcmely 
valuable Monograph*. 
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Several Expeditions have crossed the Indian Ocean 
and have added their quota to our Knov.-Ie.r^e, such as 
the ‘Valdivia’ and the ‘Dana’ in i\u> p.c.-.i region 

and the ‘Gauss’ in the south-west area; while 'a series 
of- Rojral Naval Survey ships, as well as Cable ships, 
hove added to our knowledge of the bottom topography. 

In more recent years there was the John Murray 
Exptedition to the Arabian Sea region. 

But little systematic work has as yet been done 


on certain aspects of Oceanography in these waters, 
especially on ('1) The depth of the bottom deposits, 
the composition, rate of deposition and the chemical 
and mineralcgical character of the deep-sea O'czes, (2) 
The chemical and physical character of the sea-water 
at all depths, and the movements of the deep water 
masses, and (3) The Plankton in all its aspects; while 
nothing whatever has been done to determine the depth 
and character of the earth-crust below the water masses. 



Letter dated the i^th January , 1950. — 1 kavc been 
thinking over the possibilities of India making 'a start 
in Oceanographic Invelstigations. You realise, o-f course, 
ds well, if not bettor, than I do the immense dimcultxes 
that fate you at the present moment, expeciallyt”"* 


0) the lack of any Research Vessd. 

(2) The lade of up-to-date equipment, sj^dally 
in such lines as bottom-coring and seismolo- 
gical observations on the depth of the bottom 
deposits. 
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(3) T[i 6 absence of any experienced personnel 

for work at sea. 

(4) The great scarcity of scientific experts to 
work up the material that may be obtamedi. 

Clearly^ in order to make a start a relatively small 
area should be selected and at the commencement only 
C£rtain lines of work should be attempted in the 
first auise, but in subsequent cruises other important 
lines of work should be added, as trained personnel 
and equipment became available. 

At the start I would suggest that attention be 
paid to:~— 

(i) Close maioping of the depths hy echo-sounding. 

(ii) Obtaining cores of the bottom deposits by 

means of heavy sounding tubes, such as the 
“Bigelow** tuba used by the John Murray 
Expedition (vide John Mutfray Expedition 

; Sd, Reports Vol. I, No. i, p 10) . It 

' should be possible to improve on this by 

making the stream-lined weight heavier, say 

' 150 or 200 lbs. and by lengthening the bottom 

coring section to 9 feet. 

(iii) Water samples and Temperature observa- 
tions at standard depths and at definite times 
of the day to detect any daily change-over 

' ' of the upper layers and the possibility of 

upwelling of deep water. 

(iv) Observations on the Plankton, especially of 
the upper strata at definite times of the day 
to detect daily vertical migration. ^ 

(v) Midrwater and bottom Trawling whenever 

possible. 

Regarding the area to be investigated, I think the 
the Gulf of Cambay and the seaward area, say from 
the coast out to Long. 65 °E and between Lats. 17*^ 
and 21°N. The relative proximity to Bombay would 
also be advantageous. This will include the area of 
the Continental shelf, where observations will be extreme- 
ly valuable for Fishery Research and the whole length 
of the Continental slope down to about 2000 fathoms 
with the possibility of finding, a submarine gully or 
gullies o£E the mouth of the Narbadda River, 
r . — Provision of a suitable vesseL 

A Sloop of the Indian Navy might possibly be 
converted into a Research Vessel without any very great 
expense. She would have to he altsered so as to provide 
a laboratory and cabin accommodation for say 3 scien- 
tists: a Gwiogist for bottom sampling, a Chemist for 
Water-sampling and a Biologist for Trawling andl Tow- 
netting. The vessel should be equipped with Super- 
sonic sounding apparatus and one of die ships Officers 
simild be a trained Surveyor for mapping the bottom. 

She shlould also be provided with: — 

(i) A heavy trawling wbinch and about 3000 
fathoms of Trawl watp. 

(ii) A light Winch fot Hydrographic work and 
about 2500 fathoms of Hydrographic wire. 

(iii) Reversing water bottles of the *Ekman* type, 

A Nansen-Petterssen Insulated water 

bottle. A supply of protected and un- 
protected Thermometers. Secchi disc. 
Comparator for Pb. determination. 
Comparator for Phosphate determination. 

A supply of glass bottles, spring-stoppered 


for storing water samples. 

Burettes and chemicals for estimating salinity, 
if sufficient laboratory space can l>e provided 
on board for these estimations to be made. 

(iv) The necessary trawls and dredges, etc. 
n. — Investigations to be undertaken, 

(a) Cl/cse mapping of the sea-floor by the echo- 
sounder and observations to be carried on to 
detect any reflecting layer, such as one caused 
by shoals of fish, and the presence of a 
migrating reflecting layer, such as that, found 
by the American scientists ‘in the Pacific 
between the surface and a depth of 350-450 
meters. If such a reflecting layer be found, 
investigation of the fauna at the same depdi 
by the mid-water trawl. 

(b) The nature of the sea-floor widi special reference 
on the Continental shelf to the presence of 
rock or coral masses, the knowledge of which 
would be of great value to Fishery work, and 
these might be detected by variations in the 
type and intensity of the echo and by investiga- 
tions by the heavy dredge. If gullies are 
detected in the Continental .slope attempts 
should be made to obtain rock from the sides 
and bottom by means of the heavy dredge. All 
cores should be cut down the middle of tlieir 
length and be carefully stored for subs^uent 
examination so as to detect changes in the 
foraminiforal content, as indicating changes in 
climatic conditions. 

(c) Hydrographic ebservations by means of revers- 
ing water-bottles and thermometers.; 

At first observations might he confined to ex- 
amination of 

Temperature. 
pH content. 

Oxygen content. 

bult later samples be examined for 
Nitrate and Nitrite. 

Phosphate. 

Silicate. 

and eventually, for the percentage of metals 
such as 

Iron, Manganese etc. 

Ill — Biological Observations 

These should be quantative as well as qualitative, 
with special reference to: — 

(a) Daily or seasonal vertical migration. 

(b) Intensity of population ,at definite levels, 
especially in the photo-synthetic zone and 
near the zone of minium oxygen-content. 

(c) The life histones of a few of the more 

common inhabitants. 

(d) Distribution and possible zonation of the 
fauna down the continental slope. 

(e) The presence of an azoic area. 

At ^ the conclusion of a cruise all material should 
be distributed to selected scientists but I do not know to 
what extent such will be available under present condi- 
tions. The Fauna and Flora should be worked out by 
officers of the Zoological or Botanical Surveys or p^rhapi 
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by some one in the Fishery* Department. The Rode 
Samples should he worlced out by someone in the 
Geological Survey. The cores of the bottom deposits 
must be examined by more than one scientist: the 
Fcraminifera should be examined at various lengths along 
the core by a Protozoologist, who is an expert m that 
group, while a mineralogist should study the mineral 
content at various depths, and a chemist should carry 
out analyses on the percentage of organic matter, calcium 
carbonate, etc. For this it may be possible to enlist 
the services of someone in the Chemical Department of 
a University, and finally the cores should be examined 
for their radium-content: perhaps Prof. Megnad Saha 
might be able to help in this work. 

At some later stage arrangements should be made 
to examine the depth of the Submarine deposits and 
the nature of the rock beneath by the relatively new 
technique of Seismology, 

At the present time one great difficulty will be the 
obtaining of the necessary apparatus, hut possibly some 
of the apparatus that was formerly in use on the 
“Investigator” may still be available; though I much 
doubt it. And in any case, as soon as a Marine Survey 
has been re-established, steps should be taken to press 
the Government to implement the scheme, which 
received the approval of the Government when it was 
first put forward, to appoint a Naturalist to the Manne 
Survey to take the place of the former Surgeon- 
Naturalist and to take the necessary steps to provide 
him with such equipment as he requires. 

It seems clear that this Oceanographic work will 
have to be begun in a relatively small way, with one 
or two cruises during the good weather period of the 
North-east Memsoon, but planned for a number of 
years. If too small a scheme is put forward the 
Government of India and the Indian Naval Authorities 
may think that it is not worth while expending money 
on miodifying at sloop for the work. 

I think that the first thing, or one of the first 
things to do will be to appoint a suitable Scientist 
to be in charge of the work and later, when some 
progti^s has been made, to be the first Director: it 
may be necessary to send him overseas for training 
and for this I think that the Scripps Institute, at La 
Jolla, would be the best place. Another expert that 
will have to be sent overseas for training will be the 
person appointed to carry out the seismological obser- 
vations on the depth of the bottom oozes. 

In conclusion I haven’^t been able to consult the 
Members of my International Commission on Oceano- 
graphy as time would not permit, but I have asked 
for advice and have received it from 

Dr. W. R. G. Atkins, F.R.S., of the Plymouth 
Laboratory. 

Dr. J. N. Carruthers of the Hydrographic Dept. 

Admiralty. 

Prof. E. C. Bullard, F.R.S., formerly of the 
Dept, of Geodesy in Cambridge. 

Dr. G. E. R. Deacon, F.R.S., of the “Dis- 
covery” Staff. 

Letter dated the 3rd February, 1950: — ^Your letter 
of January 20th, which didn’t reach me till the 27th, 
didn’t give mei sufficient time either to do any serious 
thinking abent your request for a scheme for an M.Sc. 


Degree in Oceanography, or to get a reply to you by 
the end of the first week in February, 

I have done what I could and send herewith a 
suggested scheme for such a course, andl a Note by 
Dr. H. O. Bull, of the Marine Laboratory, Culler- 
coats, Northumberland on the required equipment. You 
will get further information as to Equipment etc. from 
the List given in Vol. I, Pt, L of the ^ohn Murra/ 
Reports which details our Equipment on the “Maba- 
hiss”. I also wrote to the Dept, of Oceanography 
Edinburgh, but have, so far, had no reply. 

The first thing that should be done, before any 
University can set up a' course in Oceanography for an 
M.Sc. Degree, is to get 'an Oceanographer, who will 
organise the course: if he has had experience in Oceano- 
graphy he will know what he requires in the way of 
a Laboratory and Ship, and Equipment for both, and 
if he hasn^i had such experience he ought net to be 
appointed. 

Even such a moderate course as I have envisaged — 
say for 2 years instruction, should! have more than one 
Icctureir as well as the Professor or Reader: the teaching 
Staff should: include a Biologist, a Geologist and 
Geophysicist, and a Physico-Chemist, to deal with the 
different aspects of the Science and the work of the 
Professor or Read'st should be to organise the course 
and to co-ordinate the instruction of the several 
lecturers, and instruct the students in the way in which 
each branch is influenced by the other branches. 

Synopsis of a Course of Study in Oceanography. 

I. The History of growth of the Science. 

II. Geographical, Geological and Mineralogical 
Studies. 

A. The Distribution of the Ooeians and the 
Continental Land masses : — 

The Theories of Ocean formation. 

(a) The Permanence of the Ocean Basins. 

(b) The Wegener ITrift Theory. 

A study of Coastal formations: — 
fa) Scarp faulting, 

(b) Deposition. 

(c) Erosion. 

B. Changes of Sea-level at different periods of 
the Earth’s history, especially during the last 
Glacial Period and subsequently. 

C. The Configuration of the Continental Shelf 
and the Continental Slope. 

The causative agents that have produced the 
Slope, Subsidence of the edge of the 
Centinent. Talus slope of deposition of 
continental detritus. 

The Occurrence and theories of the mode of 
formation of Submarine Canyons. 

D. The Configuration of the Ocean floor. 

The use of Charts. 

The Mid-Atlantic and Mid-Indian Ridges. 
The geological composition of the basic rocks. 
Wire, Sonic and Super Sonic sounding. 
Gravity Observations and Seismological inves- 
tigation of the Sea bottom. 

E. The Nature, Distribution and Mode of 
formation of the Bottom Mud's and Oozes, 
Their Chemical and Biological composition: 
Percentage composition with special refer- 
ence to Carbonates. 
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Silicates, 

Organic matter. 

CyTvl. ratio. 

Stratification of long Cores as evidence of 
climatic changes in the past. 

The presence of Azoic regions and possible 
fcrmation of Petroleum. 

The formation of Nodules of various types; — 
Manganese. 

’ Barium. 

Phosphatic. 

Radio-activity of rocks and of ooze at differ- 
leinr levels in long cores, as Evidence of 
age. 

III. Chemical and Physical Studies. 

A. Chemical composition of Sea-water. 

B. Salinity and Temperature of Surface-water 
in different regions. Isotherms. I^halines, and 
Isocrymes. 

C The principal ingredients in Salt Water and 
their biological role. 

The Nitrogen Cycle : — 

Ammonia, Nitrite and Nitrate. Calcium 
carbonate distribution, Phosphates and 
Silicates, Oxygem Content, pH. 

Certain Metals. 

Iron, Strontium, Boron. 

D. Degree of Penetration of Light of different 

wave-lengths . 

The Photosynthetic Zone. 

E. Chemical and _ Physical characters of Deeper 
water strats. 

Changes of Salinity and Temperature with 
depth Thermal Stratification. Variation in 
Viscosity. Inaease in Hydrostatic 
Pressure. 

F. The Effect of Wind and the Rotation of the 
earth on the water masses. 

The Surface Currents. 

Convergence 'and Divergence Zones. 

G. Deep Ocean Currents. 

T^heir mode of formation and rate of travel. 
The Production of Seiches. 

H. Tidal Currents. 

IV. Biological Studies. 

Baaeriological, Botanical and Zoological studies. 

A. The inter-relationship of Plants and Animals. 
Diatoms, Marine Algae and Organic detritus 

and their place in Life-Cycle. 

B. Plankton, Nekton and Benthos. 

C. 2x3o-and Phyto-Geographical regions and the 
Influence of 

(i) Surface Currents and Deep Currents on 
distribution, and 

(ii) Convergence Zones on limiting Distri- 
bution. 

D*. Effect of Temperature on limiting distribu- 
tion and breeding areas. 

E. Influence of past Qimatic Changes and 
Epicontinental seas on Present-day Distribution. 
Relict Faunas. 

F, Zbnation of Animal . Life ; — 

Surface, Mid-water and Deep Influence of 
depth on Colouration, 


Zonation in Coastal belt. 

Vertical Migrations. 

Feeding and Breeding habits. 

G. General Studies of Marine Orgvinisms of 
various types. 

Corals : Distribution and types of Coral 
Reefs and Atolls. 

H. Relationship between Oceanography and 
Fishery Research. 

I. westigadon of Life-histories. Influence of 
Parasitisation. 

V. Meteorological Studies : — 

Relationship of Sea and Air Temperature. 
Readings of Wet and Dry-Bulb Thermome- 
ters. 

Barom.€tric PVessure. 

Variation in Wind Force and its effects on 
the surface water. 

Suggestions Regarding Equipment 
Extract from a letter received from Dr. H. O. BuU, 
of the Dove Marino Laboratory, Cullercoats. 

1 . Buildings, Laharatories etc. 

Laboratory should provide about 10 sq. ft, (with 
all services — electricity, gas, cempressed air and 
vaccLim at each working place), per student. 
Ample storage for chemicals and apparatus. A 
separate balance room with 1 very rough, 1 
large good general balance (1 kilo by 1 mg.), 
and 1 first class analytical balance (Oerrling’s 
100 gms, by 1/lOth mg. ) . All necessary appara- 
tus and chemicals, including tubes of Standard 
sea-water, to pemiit of all the usual determina- 
tions of Chlorinity, Density, and the various 
trace elements, pH, etc. A pH meter and 
glass electrode outfit would, be desirable but 
not essential. 

2. Boat. A short vessel, like a Scotch Yawl, 
between 33-40 ft. in length, fully decked, the 
wheel, house aft, winch and capstan, with 
30-60 H.P. Diesel engme, can be bought 
fairly cheaply, and is economical to run and 
maintain. I donY think a large vessel is neces- 
sary for training and teaching purposes. 

3. Gear. All the usual trawling, dredging, 
plankton, etc., nets. For a boat of the size 
given, a 7 faths. otter trawl, with 2’ 6” boards 
is the maximum workable size, using commer- 
cial meshes. A 10 ft. beam trawl is plenty 
big enough if small-mesh work is contemplated. 
A Pettersen Grab and small bore plankton 
pump would be desirable. Sets of all the 
standard hydrographical gear, hand-winch, 
motor-W’heel. Nansen-Pattersen water bottle 
reversing frames, together with all necessary 
thermemeters, messengers etc. 

Wherever possible I would buy all gear from 
Laboratoite Oceanographique 
Charlottenlund Slot 
Cbarlottenlund, Denmark. 

4. S/jore work. A few elementary surveyor’s 
instruments are required for levelling, travers- 
ing etc., i.e., measuring sticks, hand levels 
surveyor’s tapes, prismatic compass etc. 
Usual collection of hand-nets, scrapers^ 
collecting gear^ 
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I alao think that no one aliouW he able to get 

an M.&: in Oct‘nnc>gra|:Ay wf» is- nqt tfeniplietely' 
familiar with tht reading njf chans, laying off of courses, 
taking bearings and general principles and (? of) 
navigation and the use of the usual meteorological ins- 
truments. 'rhis wuild mean 'all the usual chants, 
manuals and necessary instruments, iie. sextant, dividers 
protractors, parallel rulers etc, 

For Fish Investigations he would require measuring 
boards, projector for scale reading, scales for weighing, 
microscopes etc, and all the usual equipment of a 
biological laboratory,” 

2/ Dr, J. Daniel of the Dept, of Oceanography, 
Liverpool, writes 

are amcemed only with Physical Oceanogra- 
phy and therefore require, as a preliminary to M.Sc. 
that students should bo Science Graduates with the 
following subjects : — Pure Mathematics and either 
Applied Mathematics, Physics or Chemistry. 

Dr. Daniel MerRiman’s Views 

Letter dated the 4th January ^ 1950. — Dr. Thompson 
has to-day shown me your letter of December 27th 
and accompanying note on “Oceanographic Studies in 
Indian Waters,” and I take this opportunity to thank 
you for letting us peruse your conclusion and to tell 
you how much I enjoyed reading the note. 

I hereby approve of the general tenor of your rema- 
rks, and! my only suggestion (if yoii have the space) 
would be to enlarge on the subject of the training cl 
students in oceanography. I feel very strongly that 
the progress we make in the future will be directly 
proportional to the number of young people entering the 
field with breadth of background and education. We 
need leaders-men with a full four years of undergraduate 
work including perhaps a major in Zoology, a knowledge 
of Chemistry through organiq, Physids, Mathematics, 
etc., and four moire years ait the graduate level (leading 
CO the Ph,D. degree) to strengthen the basic knowledge, 
gain greater breadth, and finally to allow specialization 
in the particular field of interest. Until it is widely 
realized thart there are no short-cuts and that only through 
such a course of study will we obtain the world over 
a sufiicent number of leaders, we are not going to make 
the propter progress. It seems to me that India must 
face this problem squarely; she will perhaps impbrt 
leaders from elsewhere at first (al thought this will be 
difficut because most of them are so tied down), and 
she will have to invest generous sums in the education 
of promising young scientists abroad over long periods. 

If this is not done the return on other oceanographic 
investments in Indian waters is likely to be at very low 
rate. In this connection, I was very disappointed when 
the devaluation of the pound sterling prevented a young 
Indiaiti student, whom we had admitted to the graduate 
school and who wished particularly to work with Dr. 
Thompson and myself, fn-m coming here this fall. I 
do not feel that training through our M.S. degree (four 
years undergiaduate work and 1-2 at the graduate level) 
is sufficient. If we want the best, wc have to pay if 
initially, hut in the long run the cost will he repaid 
many times over. Here at Yale wo take rcl.ativoly few 
Studttits in tfie. fields of marine biology, oceanography 
lind ichthytdogy liecause we give each one much indivi- 


dual attention; but we hope to turn out the leaders in 
che field. 

Letter^ dated the Bth February, 1950 ,-^Yqu ask 
abouk the minimum odeanogiraphic equipfcnent heeded 
at te university center to start oceanographic studies; I 
assume you mean apart from any sea-going facilities. 
You know, I think, that this small laboratory gets on 
very satisfactorily without owning its own vessel, and 
due for the areas which we work we use commercial 
trawlers, oyster boats, etc-, to good advantage and at 
extremely low cost. Fcr work on the high seas, how- 
ever, we depend on the coK>peration of the Woods 
Hole Oceanographic Institution. If you want advice 
about boats, I can do no better than to recommend 
you to Columbus Iselm. On the matter of oceano- 
gra.:/Iiic equipment, we have only the most ordinary 
daings — ^warer bottles, tevutsing theremometers, bathy- 
thermographs, plankton samplers, bottom dredges, 
meter shoaves, seines, ring nets, trawls, etc. As for 
laboratory equipment, just about everything needed at 
the outset is to be found in the ordinary zoology and 
chemistry laboratory-microscopes, histological materials, 
balances, titration equipment, glassware, calculating 
machines, etc. There are, of course, all sorts of special 
gadgets which may be purchased or built as the special 
occassion demands, but at the outset the basic require- 
ments should not be great. In this laboratory less than 
2% of our annual budget is allocated for laboratory 
equipment. However, bwause of our fortunate situation, 
we are*perhaps not “typical,” and I hope you will get 
information from others. In all events, by far the 
major cost will come equipping and operating a research 
vessel; die land work is relatively cheap. 

I do not know whether or not you include books 
and periodicals under the term “minimum equipment.” 
To my mind it would be of paramount importance to 
allocate sufficient funds for the purchase of journals, 
texts, etc. on a world-wide basis. Since oceanography 
touches on so many sciences, the library will have to be 
broad including material in such fields as botany, 
zoology, marine biology, ecology, physical oceanography, 
meteorology, geology, fisheries, etc. 

Dr. Ernest F, Thompson's Views 

Letter, doited the 25th January, 1950 . — ^By and 
large I think your overall plan is an extremely - good 
one. I think you are very wise to invest in training 
personnel as your first step rather than in plant. In 
this regard I should like to emphasize that the quality 
rather than the quantity of your personntl is important 
I think you would make a much better bargain in train- 
ing two or three men for five or six years, abroad than 
in training a dozen for shorter periods. This of course 
comes back to Dr. Merriman's and my own belief that 
sound oceanographic and marine biological work can 
only be built on a sound basis of fundamental study 
in the Sciences. While undergraduate studies in 
these fields presumably have a place, our own ex- 
perience of students so trained has been extremely dis- 
couraging; Personally and confidentially I feel that the 
emphasis on undergraduate courses in such things as 
Wildll'ifc Managttmeiit and. Fi'sh^i^iss .Biology in the 
States is a key to the mediocre quality of a' great deal 
of work done here. 
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Nothing tliat I have saidi above should prevent 
your enlargement ‘and expansion of your present activities 
in the marine field provided such expansion does not 
mean a crystalizing of a policy and assets. In other 
words, while you are training experts abroad you should 
continue to cultivate your home fields, but always with 
the view that the circumstances must he such that yout 
trained experts can modify and expand in the light of 
their added expenetnce. Another way you could facilitate 
growth in oceanographic fields could be by inviting 
foreigners to give short intensive courses to your better 
and senior students. Whether this could be arranged 
or not I do not Icnow, but I am tbinlcing of such men 
as Michael Graham in fisheries, Russel frcm Pljmoutb 
in plankton, etc. 

Lelier daktd the llth April, 1950: — think 
the suggestion of establishing a station at 
ihe Andaman Islands should he approached with great 
caution. While these islands are strategically placed in 
the center of the area, their remoteness from centers of 
industry, universities and libraries would greatly handicap 
C'perations frcm there. The day when one or two 
oceanographers could happily isolate themselves from the 
world and perform a useful function has largely 
disappeared. Even the marine station at Woods Hole, 
within an hour cf Boston, has found this isolation some- 
what of a nuisance. In your case, where in the initial 
stages the station would be comparatively small, you 
will constantly be needing to call upon assistance from 
universities, physicists, geologists, chemists and biologist.*, 
and ycu will need facilities of machine shopS, etc. 
Thes 3 can usually only be obtained if you have ready 
access to a large town with an established university. 

I still think the way to proceed is to train a few 
men thoroughly in this field, and I would think you 
should rely on these men after they have acquired their 
diorough training to make themselves largely responsible 
for the planning of the line your oceanographic researches 
will take. I am always rather skeptical of the plans 
made by “outsiders” for the future scl'^ntific develop- 
ment of a country. No country comes cf age until it 
takes its own prophets seriously. 

In seeking training for your students, it is important 
to obtain a breadth of view. Some schcols of oceano- 
graphy lean heavily on theoretical studies on hypothetical 
oceans. This type of trainins has limited application 
until the broader planning of your work has been 
completed. It is a pity Professor Sverdrup has new 
left the United States; he had the rare gift of keeping 
the theoretical people in useful channels. 

In accordance with your request, your original 
memorandum was forwarded to Mr. Iselin. In replying 
to me he emphasized the need for adequate training in 
instrumentation. I think his point is very well taken 
and you would be wise to train some one specifically in 
this field. 

Dr. R. Van Cleve’s Views 

Letter, dated the ISth April, 1950, — I have read 
with a great deal of interest your proposed oceanogra- 
phic program. I concur with your statement that the 
most important factor is the acquisition of a staff o-f well- 
trained personnel. It would be most inadvisable to 
build and equip a station unless ad^uately Itrained 
scientists were available to operate it. In addition, 
oceanographic methods and equipment are being conti- 


nually improved, and it is quite possible that many 
developments wiM occur between now and 'the time 
when you are priepared to put a staff in the field. It 
would indeed he regrettable if you should acquire 
equipment now that would be out-moded by much 
improved material later on. 

With regard to the program as a whole, I am 
inclined to be somewhat skeptical of the types of pro- 
grams which have been, and are now being carried 
on in most oceanographic institutes. From your 
statement, your primary interest in inaugurating such a 
program is the development of marine fisheries in India. 
This being the case, I believe that you should examine 
carefully your ultimate objectives, giving special oonsi-_ 
deration to the ends you wish to attain. If you warn 
to undertake the study of oceanography for the sole 
purpose of increasing knowledge of the sea, you could 
pattern your program and the structure of your staff on 
almost any one of the oceanographic station now in 
existence. If sufficient regard were given to adieiquate 
training of your staff, you would undoubtedly obtain 
results that would he commensurate with your invest- 
ment. However, in general such a program would not 
be effective in the development of marine fisheries. You 
have ample evidence at hand for judging the e'ffective- 
ness of various programs conducted for many years in 
various parts of the world. If you will examine these 
programs and determine how much they have contributed 
to the development of fisheries, you will find that their 
contribution has been largely negative, and has usually 
followed rather than led such development. For 
example, the Scripps Institute of Oceanography has 
been operating for many years, and a fine body of 
knowledge having to do with many of the basic concepts 
of hydrogranby has been accumulated there. However, 
when the S^ate of California was confronted with the 
need for effective action towards conservation of the 
Pacific sardine (Sardinops caerulea) the past operation 
of the Scripps Institute was on the whole of no direct 
value, and right now several hundred thousand dollars 
are being spent each year in an intensive hydrographical 
survey of the Padfic coast, and this study is being 
closely coordinated with the work in biology of the 
sardine. It would be my suggestion that 'a careful and 
detailed study of the various oceanographic progi^ams 
he made, and their effectiveness in promoting the 
develojpment of fisheries assessed. Only after such a 
study should plans be! made for 'an oceanographic insti- 
tute or program. I would certainly advise strongly 
against the adoption of a program that was developed 
by an oceanographer who was not also an expert in 
fisheries biology. 

In my opinion, one of your first steps should oe 
the development of accurate charts of your coast line 
and coastal fishing banks. Accurate surveys of the entire 
coastal areas, with frequent soundings, should be of 
primary concern. A general oveiSall survey of the 
nature of the ocean currents would probably also be of 
benefit. I can see no justification for undertaking a 
detailed study of any particular coastal region until ‘it 
has been established that the area is -of importance to 
fisheries. 

Of vital concern in the development of your oceano- 
graphic program, must be the building of an adequate 
staff to handle the work of fisheries itself. This staff 
sh'^uld be established in two separate fields. One would 
handle the development of fishing techniques in Indian 
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types of fishes 

available. They would also undertake the development 
the preservation and handling of 
Prohawt improvement of marketing met4ds. 

Probably you should also indude some such work as 
Aat now earned on by the U.S. Fish and Wildlife 
S-rvree m teaching the more effective utilization of fisli 

w„i • be the 

tvork in fisheries biology. 

In relation with this second field of work, I should 

etter by a F. Thompson of the Oceanographic Labo- 
latory at Yale, regarding the underlying cause of much 
ot_ the ineffecnve fisheries research now in progress. In 
spate of a surprisingly widespread opposition on the 
part of many biologists to praedea! fisheries biological 
investigation, this type of work is the only one wldch 
has really paid diyidends in the form of fisheries conser- 
vation and production. It is true that in recent years 
many of our colleges have offered training in wildlife 
or fisheries management. However, these courses them- 
selves have not been the cause of the ineffective fishi 
enes work. As a matter of fact, they developed because 
or the general futility of the work carried on for many 
^ars by biologists who have what is generally consi- 
dered to he sound hiological training. It would be safe 
to say that most of the ineffective fisheries work at 
preset ^is being ^ conducted by men who had this so- 
called “sound hiological training”. I will agree that 
most of the Gaining in wildlife or fisheries management 
now offered is worthless, but it is so betause those 
jvho developed^ the courses 'and who teach them have 
had nrither training nor experience in this field, and in 


general have no conception of the problans involved. 
Thus the fault is not that training in wildlife or fisheries 
management is being offered, but that in general the 
training is being given by men who are inadequately 
prepared in this field. 

Improper and insufficient training of biologists is 
only one of the reasons for ineffective biological work. 
Another is poor leadership and direction by people who 
themselves improperly or inadequately trained, or in 
some cases by those who have no training whatsoever, 
and whose primary qualification is too often that they 
know the right people” politically. The interference 
of p*oIitics also often results in preventing effective use 
of hiolpgical knowledge. 

I believe you will find, through a careful study of 
the fisherits and hiological work carried out in the past, 
and now being done, that the only effective results to 
be obtained will come if precedence is given to those 
phases of research that are most likely to produce 
practical results. Hydrographical and general oceano- 
graphical studies are useful in fisheries work only when 
they are planned and executed in close coordination 
with, and probably under the over-'all direction of, a 
competent fisheries biologist who has a sufficient back- 
ground to understand the problems of both fields. 

As I stated before, I am assuming that the develop 
ment of your marine fisheries is the main objective 
that you have in mind in establishing an ocernographic 
institute. If that is not the case, please disregard my 
rather l^gthy remarks; but if it is true, I am sure that 
the most direct path toward a knowledge of fisheries 
will jneld the greatest benefits in the long run. 




RAINFALL OF INDIA: A BRIEF REVIEW 


L. A. RAMDAS 

{Agricultural Meteorologist, Meteorological Office, Poona) 

I. Introduction 

A DETAILED discussion of Indian rainfall would fill volumes. In a short 
article like the present all one can attempt is to take a bird’s-eye view of 
the subject. 

A history of Indian rainfall is really a history of the well-known south- 
west monsoon. We have reliable records for about 6o years. As judged 
by these records, what is the dependability of rainfall in different parts 
of this vast sub-continent, and what are the chances of success of 
agriculture in different parts of the country? How often in a century is 
the monsoon rainfall so conspicuously in excess (flood) or in defect 
(drought) as to cause widespread havoc and failure of crops? Which 
are the regions in India with minimum of weather-risk? Do such risks 
occur at random or is there any regularity or law governing the time 
and place of their occurrence ? What are the large-scale and long-term 
measures which the State can undertake in order to reduce weather- 
risks ? In what parts of India will such developments be practicable ? 
These are some of the questions which deserve consideration. In what 
follows, resort will be had to self-explanatory diagrams and tables so as 
to secure brevity. ■ 

2. Physical and Climatic Features 

Figs. I and 2 show the distribution of the mountain and river-systems 
and of the normal annual rainfall of India. The areas of very heavy 
rainfall are to the windward side of the Western Ghats, the hills of 
Assam, and the great Himalayan barrier. These are the watersheds 
from which originate the major river-systems of the country. Elsewhere, 
in the plateau of the Deccan, the Gangetic plains of north India, and the 
plains of the Carnatic, the effects of orography are less pronounced or 
are completely absent and the rainfall is only moderate. In the north- 
west, the Punjab, NW. Frontier Province, Sind, Baluchistan, and the 
desert of Rajputana constitute the driest area of the country. 

Table i gives the normal rainfall in different seasons of the year and 
during the year as a whole in the 30 subdivisions into which India may 
be divided (see Fig. 3). The four seasons are: winter, December to 
February; summer or pre-monsoon, March to May; monsoon, June 
to September; post-monsoon, October to November. In columns (2) to 
(5) the figures within brackets are the seasonal amounts expressed as 
percentages of the annual rainfall. 

. A study of these figures reveals at once that India is truly the land 
of the monsoons. With the exception of Kashmir, the NW. Frontier 
Province, and Baluchistan in the north and SE. Madras in the souA, 
a very large percentage of the annual rainfall over the country occurs during 
the south-west monsoon (June to September). In the extreme north a 
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good proportion, of the annual rainfall is contributed by winter pre- 
cipitation, whilst in SE. Madras nearly half the annual rainfall occurs 
during the post- or retreating monsoon period (i.e. after September). 



Fig. I. Relief map of India. 


Besides the setting in of the monsoon early in June, its extension 
into India during June and July, and finally its retreat southwards in 
September and October, we have also to consider the other major 
phenomena like cyclonic storms and depressions. 
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Table i. Normal Seasonal Rainfall in the 30 Rainfall Subdivisions of 

India 


Subdivision 

(i) 

Winter 

Dec. to Feb. 
(Z) 

Summer 
or Pre-mon$oon 
Mar. to May 

(3) 

Monsoon 
June to Sept. 

(4) 

Post-monsoon 
Oct. to Nov. 

(s) 

Year 

( 6 ) 

I. 

Assam 

2-38 (2-4%) 

25-06 (25-7%) 

64-26 (6s -8%) 

5-96 (6-1%) 

97-66 

2. 

Bengal 

1-53 ( 2 -o) 

12-42 (16-5) 

56-01 (74-s) 

S-I7 (6-9) 

75*13 

3 * 

Orissa 

I '82 (3*2) 

5-62 (9-9) 

44-49 (78-2) 

4-98 (8-8) 

56-91 

4 - 

Chota Nagpur . 

2-57 (S'o) 

3-64 (7-1) 

42-71 (83-4) 

2-26 (4-4) 

SI-18 

5 - 

Bihar 

I -41 (2-9) 

3-30 (6-8) 

40-96 (85-0) 

2-54 (5-3) 

48*21 

6. 

U.P. East 

I-S 3 (3-9) 

I-I2 (2*9) 

34-44 (88-0) 

2 04 (5-2) 

39*13 

7 * 

U.P. West 

2-27 (6-o) 

1-36 (36) 

32-98 (87-8) 

0-97 (2-6) 

37-58 

8. 

Punjab, E. &; N. 

2-76 (11-9) 

1-89 (8-i) 

18-23 (78-4) 

0-37 (1-6) 

23-25 

9 * 

Punjab, SW. . 

1-28 (13-7) 

1-36 (14-5) 

6-58 (70-4) 

0-13 (1-4) 

9-35 

10. 

Kashmir . 

9*12 (22-1) 

9*09 (22 0) 

22-19 (53-7) 

0-94 (2-3) 

41*34 

II. 

N.W.F.P. 

3*36 (20-0) 

4-18 (24-9) 

8-65 (51-5) 

0-62 (3-7) 

i6*8i 

12. 

Baluchistan 

3-50 ( 45 - 6 ) 

2*03 (26-4) 

1-89 (24-6) 

0-26 (3-4) 

7*68 

13 - 

Sind 

0-67 (10-4) 

0-41 (6-4) 

5-28 (82-4) 

0-08 (1-2) 

6-44 

14. 

Rajputana, W. . 

0-62 (4-8) 

0-56 (4-3) 

11-74 (90-0) 

0-12 (0-9) 

13*04 

15 - 

Rajputana, E. • 

0-96 (3-8) 

0-78 (3-1) 

22-91 (90-9) 

0-55 (2-2) 

25*20 

16. 

Gujerat . 

0-22 (0-7) 

0-24 (0-7) 

31-46 (96-2) 

0-77 (2-4) 

32*69 

17 - 

C. India, West 

o-8s (2-5) 

0-47 (1-4) 

31-56 ( 93 - 8 ) 

0-75 (2-2) 

33*63 

18. 

C. India, East - 

1-44 (3-7) 

0-79 (2-0) 

35-05 (90-9) 

1-30 (3-4) 

38-58 

19. 

Berar 

i-oi (3-1) 

0-96 (3-0) 

28-10 (87-4) 

2-07 (6-4) 

32*14 

20. 

C.P. West 

1-47 (3-2) 

1-14 (2-5) 

41-04 (90-4) 

1-76 (3-9) 

45*41 

21. 

C.P. East 

1-58 (3-0) 

2-10 (4-0) 

• 46-37 (89-1) 

1-99 (3-8) 

52*04 

22. 

Konkan . 

0-28 (0-3) 

1-85 ( 1 - 7 ) 

102-45 (93-7) 

4-75 (4-3) 

109*33 

23 - 

Bombay Deccan 

o-si (1-7) 

2-13 (6-9) 

24-41 (79-1) 

3-82 (12-4) 

30*87 

24. 

Hyderabad, N. . 

0-67 (1-9) 

1-53 (4-4) 

29-51 (84-5) 

3-20 (9-2) 

34*91 

25 - 

Hyderabad, S. . 

0 -S 7 (i- 9 ) 

2-10 (7-0) 

23-38 (78-1) 

3-88 (13-0) 

29*93 

26. 

Mysore . 

0-73 (a- 9 ) 

S -47 (15-2) 

22*27 (61 *8) 

7-54(20-9) 

36-01 

27. 

Malabar . 

2-73 (2-6) 

I 2 - 6 i (I 2 - 2 ) 

71-47 (68-9) 

16-93 (16-3) 

103*74 

28. 

Madras, SE. 

476 (13-6) 

4-53 (i 2 - 9 ) 

i2-or (34-2) 

13-80 (39-3) 

35*10 

29. 

Madras, Deccan 

074 ( 3 - 0 ) 

2-42 ( 9 - 9 ) 

15-27 (62-3) 

0-09 (24-8) 

24*52 

30 - 

Madras, Coast N. 

1-69 (4-2) 

3-44 (8-6) 

25-03 (62-3) 

10-00 (24*9) 

40-16 


(1) Eastern depressions: — The fluctuations in the intensity of the 
monsoon itself are to a large extent associated with a series of depressions 
which mostly originate (or, when they are coming from farther east, 
strengthen) at the head of the Bay of Bengal and travel in a north- 
westerly direction across the country towards NW. India, causing heavy 
rainfall along their track. The frequency of such depressions is 3 or 4 
per month during the monsoon months (June to September). 

(2) Western depressions. — During the period November to May a 
series of western depressions enter India through Baluchistan and the 
NW. frontier and move eastwards across North India towards NE. 
India (Assam-Bengal). These depressions cause cloudy weather and 
light rains in the plains with snowfall in the Himalayas and are followed 
by cold waves. Their frequency is, on the average, 2 in November, 4 to 
5 per month during December to April, and about 2 in May. 

( 3 ) Cyclonic storms. — The more severe cyclonic storms usually form 
in the Bay of Bengal and in the Arabian Sea in the transition periods 
April to June and October to December. They enter inland and cause 
considerable precipitation and damage due to high winds and, occa- 
sionally, tidal waves, in. the coastal tracts. The mode of occurrence of 
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these storms and their favourite tracks ^ 

publications of the India Meteorological Department. On an average 



Fig. 2. Annual rainfall in India. 

1 or 2 severe cyclones may be expected in the pre-monsoon period and 

2 or 3 in the post-monsoon period. 

3. The SW. Monsoon 

(a) Date of establishment.— As is well known, the success of Indian 
agnculture depends mainly on the monsoon rams; the farmer looks 
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Table 2. Date of Establishment of the SW. Monsoon along the West 

Coast of India 


Year 

Travancore - 

Cochin 

S , Kanara 

Ratnagiri 

Kolaha 

1891 

May 27 

June 3 

June 19 

June 21 

1893 

„ 22 

May 24 

May 29 

May 31 

1893 

„ 22 

June 4 

June 10 

June 10 

1894 

June I 

„ 2 

„ 7 

33 7 

189s 

3, 8 

„ 12 

33 14 

33 15 

1896 

May 30 

May 31 

,3 I 

3, I 

1897 

„ 30 

June 5 

33 7 

3, 7 

1898 

June 2 

33 3 

„ 8 

» 8 

1899 

May 23 

3, 7 

33 9 

33 10 

1900 

June 6 

„ 8 

33 9 

33 9 

1901 

3, I 

3 , 4 

„ 7 

3 , 7 

1903 

May 31 

,, 6 

3, 7 

33 12 

1903 

June 8 

,3 II 

„ 12 

„ 12 

1904 

May 29 

3 , I 

3, 7 

„ 8 

1905 

June 6 

8 

3, 9 

,3 10 

1906 

33 3 

„ 6 

33 7 

33 8 

1907 

May 31 

33 5 

„ II 

33 II 

1908 

June 8 

„ 10 

„ II 

,3 II 

1909 

„ I 

,3 2 

33 3 

33 3 

1910 

May 28 

„ 2 

33 3 

33 3 

1911 

June I 

33 2 

3, 4 

33 4 

1912 

33 4 

» 6 

33 12 

33 12 

1913 

May 24 

33 I 

6 

33 7 

1914 

„ 28 

33 5 

3 , 13 

33 13 

1915 

June 3 

„ 12 

,3 17 

„ 18 

1916 

May 26 

May 27 

May 31 

33 I 

1917 

„ 26 

,3 29 

June 4 

33 5 

1918 

3, 7 

33 15 

May 22 

May 25 

1919 

3, 16 

„ 26 

June 4 

June 6 

1920 

33 27 

June 2 

33 6 

„ 6 

• 1921 

June I 

33 3 

,3 10 

33 12 

1922 

May 25 

May 31 

33 10 

,3 12 

1923 

June 4 

June II 

33 12 

3, 13 

1924 

May 31 

,3 3 

,3 10 

33 12 

1925 

33 27 

May 28 

May 29 

May 29 

1926 

33 28 

June 5 

June 9 

June 10 

1927 

33 23 

May 27 

33 10 

„ 10 

1928 

33 31 

33 31 

33 5 

,3 7 

1929 

33 29 

33 30 

33 I 

33 6 

1930 

3, 21 

June 7 

„ 8 

„ 9 

1931 

33 23 

May 29 j 

33 14 

33 14 

1932 

33 14 

June 2 

33 3 

33 3 

1933 

„ 22 

May 28 

33 I 

33 I 

1934 

June 6 

June 6 

33 10 

33 10 

1935 

,3 10 

33 10 

33 12 

3, 14 

1936 

May 20 

May 22 

May 29 

■ 33 I 

1937 

June 3 

June 10 

June II 

33 12 

1938 

,3 I 

33 2 

33 2 

3, 4 

1939 

33 6 

33 6 

33 7 

33 9 

1940 

33 7 

33 13 

,3 16 

33 18 

1941 

May 23 

33 3 

„ 14 

„ 16 

1942 

June 4 

33 S 

,3 12 

33 13 

1943 

May 12 

May 14 

May 21 

May 21 


39 SS.S 4 
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forward to the onset of the monsoon with great anxiety and prays for a"# . 
timely and suitable distribution of rainfall during the season. The SW. 
monsoon has been described in various publications of the India ; 
Meteorological Department. Figs. 4 and 5 show the normal dates of 1^" 
onset and of withdrawal of this monsoon in different parts of India. The 
actual dates of onset as well as the intensity and distribution in time and 



Fig. 3. Map of India showing the rainfall subdivisions. 


space of the monsoon precipitation vary from year to year. Table 2 
gives the actual dates of establishment of the SW. monsoon in four 
areas along the west coast of the peninsula. It will be noticed that there 
is a considerable variation not only in the dates of establishment but also 
in the speed with which the monsoon current moves from the Travan- 
core— Cochin area in the south towards Kolaba in the north (near Bom- 
bay). Table 3 below summarizes the information given in Table 2. 

As the major agricultural operations have to synchronize with the 
monsoon rains, the importance of predicting the date of establishment 
of the nionsoon in dilferent parts of the country, the spells of rain and 
breaks which occur during the season, cannot be over-emphasized. 
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(b) Survey of the past 70 monsoons : Frequency of drought 

and flood years. — For this purpose the total rainfall during the period 
June to September is considered. If the deviation of the actual rainfall 
in a year is more than about twice the mean deviation, that year is 
defined as a year of flood or drought according as the departure is 
positive or negative. 



Table 3. Dates of Establishment of the SW. Monsoon along the West 

Coast of India 


Area 

Mean date 

Standard 
deviation 
(in days) 

1 Earliest date 

Latest date 

Travancore-Cochin 

May 29 

TO 

May 7 

June 10 

South-Kanara 

June 3 

5 ’7 

! 15 


Ratnagiri 

i, 7 

5*4 

; „ 22 

,, 19 

Kolaba . . I 

1 

» 8 

5*3 

1 „ S5 

„ 21 


Fig. 6 shows at a glance how the monsoon has behaved in the past 
70 years in each of the 30 rainfall subdivisions of India. In the figure 
the filled circle indicates a flood, the open circle a drought, and the 

3988.54 HZ 
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spaces which are blank are years and subdivisions with more or less 
normal monsoon rainfall. At the bottom of this diagram are given, for 
each subdivision, (i) the normal monsoon rainfall, (a) the mean devia- 
tion, (3) the limit for abnormality, i.e. the amount by which the actual 
rainfell should be in excess or defect if it is to be labelled as ‘abnormal’ 
(flood or drought, as the case may be), (4) the total number of floods 
during the period 1875 to 1944, (5) the total number of droughts during 



Fig. 5. Normal dates of withdrawal of SW. Monsoon. 


the period 1875 to 1944, and (6) the total number of abnormal years 
(i.e. floods plus droughts) during the period 1875 to 1944. 

These figures show that when we consider a sufficiently large number 
of years, the frequencies of floods and droughts tend to equalize; also, 
areas with a very low rainfall, e.g. Baluchistan, Sind, Rajputana, &c., 
are those where the total number of abnormalities is maximum; in areas 
like the Konkan, Malabar, Bengal, &c., where the monsoon rainfall is 
above 40 in., the frequency of abnormal years comes down very much. 

It is still more interesting to study the distribution of floods and 
droughts in the various subdivisions in each year. The years 1877, 
1899, and 1918 stand out very prominently as years of general drought. 
It will be recalled that these were actually years of great famine and 
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Fig. 6. Floods and droughts in India. Years of floods and droughts have for 
this purpose been defined as years with abnormality greater than twice the mean 
deviation. 
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distress. The year 1920 was one of partial drought, only the north-west 
and the central parts of the country being affected. The years of general 
flood are 1878, 1892, and 1917. In two instances at least (1877, 
and 1917, 1918) droughts and floods occurred in adjacent years, but 
there is usually no regularity in time in the distribution of droughts and 
floods. The chances of one drought year being succeeded by another 
or a flood year being succeeded by another in a particular subdivision 


NORTHEAST INDIA UNITED PROVINCES NORTHWEST INDIA 



CENTRAL PROVINCES NORTH PENINSULA SOUTH PENINSULA 



1317 EXCESS YEAR. ISIS DROUGHT YEAR. 

Stepped! Acfaal Bain’faUm Uo'Heci curvet Normat Rainfall . 


Fig. 7 . Progress of the monsoon week by week. 

appear to be small. Areas of drought and floods are, however, associated 
into centres of defective or excessive rainfall in the years in which they 
do occur. For the rest, the reader can Judge for himself from Fig. 6 how 
liable India is to the incidence of abnormal monsoons. 

. Before leaving this topic it will be interesting to compare the actual 
distributions of weekly rainfall during the monsoon season of the years 
1917 and 1918, as they are likely to show up the contrast, not only in 
the total rainfall, but also in the distribution thereof. Fig. 7 shows the 
rainfall distribution in 1917 and 1918, for each of the main divisions: 
(i) NE. India; (2) the United Provinces; (3) NW. India; (4) Central 
Provinces and Central India; (5) North Peninsula; (6) South Peninsula. 

The dotted curves represent the normal weekly rainfall and the 
hatched area shows the actual rainfall. There is little contrast between 
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1917 and 1918 in NE. India as the rainfall was more or less normal in 
both the years. Over the other five divisions of the country, however, 
the contrast between the excess and the defect in 1917 and 1918 respec- 
tively was very marked. 

4. Contemporary Relationships of Monsoon Rainfall in Fifteen 

Divisions 

We have just seen that the monsoon rainfall varies from year to year 
both as regards the total rainfall as well as its distribution during the 
season. Administrators and others interested in the country as a whole 
may naturally inquire whether the effects of a deficiency in the monsoon 
rainfall in one part of the country is likely to be compensated by the 
effects of excess in some other part or parts. 

Table 4 below expresses the relation between the monsoon rainfall in 
each of the 15 divisions and the remaining divisions in the form of 
contemporary correlation coefficients. A positive coefficient in the 
table indicates the two areas concerned are likely to be affected similarly 
(i.e. both may have heavy rains in some years and deficient rains in other 
years). A negative coefficient would indicate that a decrease in one is 
likely to be associated with an increase in the other area. Looking at the 
correlation coefficients in each row, one notices that a vigorous monsoon 
over Burma tends to be associated with a subnormal monsoon over 
India (and vice versa). To a smaller extent, excessive rainfall over NE. 
India tends to be associated with a defect elsewhere (and vice versa). 
Elsewhere, in India, i.e., NW. India, Central India, and the Peninsula, 
the correlation coefficients are generally positive, indicating that depar- 
tures from normal are likely to be similar over the greater part of India, 
as indeed the dot-diagram (Fig. 6) does suggest in regard to even pro- 
nounced abnormalities like floods and droughts. 

5. Is Indians Climate Changing? Are there Secular Variations or 
Periodicities in Indian Rainfall? 

The longest meteorological records in India are of rainfall at the 
cities of Madras (from 1813), Bombay (from 1847), and Calcutta (from 
1829). 

The rainfall data of the above stations as well as of shorter series in 
the case of some 10 stations in Bihar were examined for periodicity. In 
some cases there were significant periods, but considering that neigh- 
bouring stations do not indicate similar periods, not much importance 
can be attached to these results. It may be worth while to examine the 
question more extensively for a network of selected stations or selected 
areas in India, for settling this point conclusively. Evidence so far 
collected does not, however, support the possibility of any regular 
periodicity in Indian rainfall. 

6. Occasions of Unusually Heavy Rainfall 

The frequency of heavy rainfall over India has been discussed in a 
recent note by Doraiswamy and Mohamad Zafar (Scientific Notes, Ind. 



Table 4. Monsoon Rainfall, June to September. Inter-correlations between Pairs of Divisions. Period, iSy^-jgiS 

{Vide Table E, Memoirs of the Ind. Met. Dept., Vol. 25, Part ii, p. 23 ) 
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Met. Dept., Vd. 7 , No. 77). With reference to the heaviest fall in a 
day, they find that: 

(i) Falls exceeding 5 in. in 24 hours have occurred over the whole of 
India excluding NE. Baluchistan and parts of the NW. frontier. 

(ii) Falls have not exceeded 10 in. in 24 hours over most of the 
interior of the Peninsula and of Burma and in a few districts in 
the Central parts of the country. 

(iii) Falls of 15 to 20 in. in 24 hours have occurred all along the west 
coast including Gujerat and Kathiawar, on the south Coro- 
mandel coast, on the north Burma coast, in south Assam, in 
Bengal, and the foot of the Himalayas. 

(iv) A few isolated falls of 20 in. and over have occurred in the plains. 

(v) The greatest fall of over 40 in. in 24 hours has occurred at 
Cherapunji in the Khasi hills. 

When heavy rainfall occurs consecutively on a number of days and 
particularly over the catchment areas of rivers, the magnitude of the 
ensuing floods may well be imagined. Ramkrishnan (Scientific Notes, 
Ind. Met. Dept., 7 , No. 74) has estimated the total volume of water 
precipitated over certain areas in South India on days when they were 
under the grip of storms coming from the Bay of Bengal. The values 
given by him for one of these storms are quoted below: 


Date 

Area on land 
which had rain of 
0*5 in, and more 
in sq. km. 

! 

Volume of water 
precipitated on 
land in cu. km. 

21.10.30 

60,150 

1-9 

22.10.30 

53,730 

1-6 

23.10.30 

71,540 

1 4-9 

24.10.30 

103,660 

8*0 

25.10.30 

133,740 

6-5 

26.10.30 

141,620 

7*1 

27.10.30 

342,520 

11-9 


Increasing forest-cover, checking erosion, delaying flood-peaks, and 
training the major rivers, &c., are problems which have begun to 
demand an increasing attention of the State. 

7. Regional Peculiarities in Distribution oj Rainfall: Climatic Homogeneity 

Even if we divide the country into climatically homogeneous tracts, 
judging from the normal rainfall, there are still outstanding local 
peculiarities. This may be emphasized with the aid of a few ex^ples. 

Suppose that a weather forecaster expects a particular subdivision in 
the country to come under the influence of disturbed weather and fore- 
casts rainfall over the area. Can he expect all the rain-gauge stations to 
record more or less similar rainfall during a particular day? Or will 
the rainfall be very variable? This involves the question of rainfall 
variability in space and is very important from the weather forecaster’s 
point of view. 
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We may also consider the point of view of an irrigation engineer faced 
by the problem of constructing reservoirs to serve the agriculturist’s 
needs. Should he construct one big reservoir at a likely place or should 
he scatter a series of small reservoirs, casting his net wide as it were, so 
that one or the other of the reservoirs collects such rain as may fall over 
its neighbourhood? How would the variability between stations in a 
given area compare with the variability between days of a month and 
with that due to random chance ? 

In connexion with a recent inquiry, the variability of rainfall in the 
month of July 1942 was analysed for a number of representative areas 
in India, taking 20 stations selected at random from each of these areas. 
Table 5 gives the analysis of variance between ‘stations’, ‘days’ of the 
month, and ‘residual’ (due to random variability), for the Punjab, the 
United Provinces, the Central Provinces, Bengal, Rajputana, and 


Table 5. Analysis of Variance of Rainfall in July ig42 



Degrees 

of 

Sum of 

Mean 

square 

Standard 

Variance 

Rainfall 

Coefficient of 
variability 

Due to 

freedom 

squares 

(variance) 

deviation 

ratio: 

per day 

(%) 


I. The Punjab. 


Stations 

Days 

Residue 

19 

30 

570 

21-1334 

19*8421 

169*8981 

i*H23 

0-6614 

0*2981 

1-55 

0*81 

o-SS 

3-73* 1 

3 •22* 

0*228 in. j 

680 

356 

241 

Total 

619 

210*8736 

0*3407 


. . 




2. The United Provinces 


Stations 

Days 

Residue 

19 

30 

570 

16*1105 

114*5280 

312*1042 

0-8479 

3-8143 

0-5475 

0*92 

1*95 

0*74 

1*55 1 

6-97# 

0*466 in. 

197 

418 

159 

Total 

619 

4437437 







3. The Central Provinces 


Stations 

19 

45-5754 

3-3987 

1*55 

1*35 

0*697 in. 

222 

Days 

30 

370-4394 

9-1465 

3*02 

5-i6» 


433 

Residue 

570 

613-9953 

1-771S 

1*33 

. . 


191 

Total 

619 

929*9901 

1*5024 





4. Bengal 
Stations 

19 

41-4545 

2*i8i8 

1*48 

3*62* 

0*422 in. 

1 350 

Days 

30 

43*2902 

1-4430 

1*20 

2*39’** 


284 

Residue 

570 

343*4197 

0-6025 

0*78 



185 

Total 

619 

428*1644 

0*6917 




. . 


5. Rajputana 


Stations 

Days 

Residue 

19 

30 

570 

108-8973 

46-3551 

471-9398 

5-7314 

1-5418 

0*8280 

2*39 

1*24 

0*91 

6*92* 

1*86 

0*417 in. 

573 

297 

218 

Total 

619 

627*0922 

1*0131 

. . 





6. Malabar 


Stations 

19 

85-4648 

4-4981 

2*12 

5*53* 

1*331 in. I 

159 

Days 

30 

383-1749 

12*7392 

3*57 

15*68=^^ 


268 

Residue 

570 . 

463*1872 1 

0*8126 

0*90 


68 

Total 

619 

930*8269 

1-5038 






* Means significant at i per cent, level. 
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Malabar. Column (5) gives the standard deviation of the variability 
‘between stations’, ‘between days’, and ‘residual’ or error. The next 
column gives the ratios of the variances, i.e. 

Variance between stations Variance between days 
residual variance residual variance 

If the variability ‘between stations’, ‘between days’, and ‘residual’ are 
all of the same order of magnitude the ratio F will not be significant. 

In the Punjab, Bengal, and in particular Rajputana and Malabar, the 
variability between stations is very significantly larger than that caused 
by random chance. In Malabar this variability is due to orography, 
whilst in Rajputana it represents a real climatic non-homogeneity. The 
variability between days is significant in all cases. In places like Raj- 
putana it is indeed difficult to indicate where exactly rain would fall 
during a wet spell. The engineer would be well advised to construct a 
wide network of tanks in preference to a single big tank in such tracts. 

8 . Irrigation Works and Large-scale Reservoirs, Bunds, & c. 

Wherever the precipitation falling over a very wide catchment is 
drained into large river-systems like the Indus and Ganges, it is obvious 
that irrigation projects will be successful, as has indeed happened in the 
Punjab and Sind. In the United Provinces, besides canal irrigation, 
tube-wells are also being sunk on a large scale. 

It may be pointed out that the large dry tracts of Peninsular India 
which are not fed by rivers can get adequate supplies of water for 
agriculture if the necessary irrigation-projects are set up at suitable 
localities in the catchment areas of the Western Ghats which receive 
sufficient rains for this purpose even in years with weak monsoons. Much 
of this water is now drained by rapids flowing into the Arabian Sea. If 
large reservoirs are built up on the Ghats over elevated areas, taking 
advantage of natural facilities for impounding the rain-water, the water 
so collected can be fed into the plains to the east of the Ghats through 
canal systems. This is a problem which the State alone can tackle; it is 
full of large potentiality for the future of the arid tracts of Peninsular 
India. 

9. In concluding this all too brief a sununary of India’s rainfall as 
affecting its agricultural potentialities, it may be appropriate to state 
that the India Meteorological Department is undertaking, in the very 
near future, to broadcast special weather bulletins and forecasts for the 
farmer. Seven Regional Forecasting Centres have been started. These 
will cater for the special weather requirements of their respective regions. 
Warnings for heavy and untimely rainfall, heat waves, cold waves, 
droughts, hail-storms, high winds, etc. will be issued, keeping in view 
the needs of the important crops of each region. In this new undertaking 
the Agricultural Meteorologist will maintain a close liaison between 
agriculture and meteorology. 

{Received September 3, 1945) 
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INTRODUCTION 

For geological studies, India (for the sake of brevity, ‘India’ is used 
here to include India and Pakistan) is appropriately divided into two 
units, one being peninsular India and the other the mountain girdle of 
the Himalayan, the Baluchistan and Burmese arcs. The two are separat- 
ed by a deep, alluvium-filled depression through which the Indus, Ganges 
and Brahmaputra rivers fl,ow on the Peninsular side of the mountains. 
The above statement requires a little modification in that the edges of 
the peninsular mass are found to extend well into the region of the 
Lesser Himalayas {i.e., between the foot-hills and the central range of 
high peaks) where they are inextricably mixed with the rocks of the 
extra-Peninsular regions. 

The Peninsula is a stable mass of Archaean and Pre-Cambrian forma- 
tions which are exposed over more than half its area. The rest is occupied 
by Gondwana and later sediments and by the lava flows of the Deccan 
Trap formation. The major mountain building disturbances ceased 
in Pre-Vindhyan (Pre-Cambrian) times. Some minor folding, block 
faulting (possibly block upKft and down-faulting) and epeirogenic 
movements have affected it in post-Cambrian epochs. Block faulting 
has been responsible for the preservation of India’s chief coalfields, 
while epeirogenic movements are attested by the marine transgressions 
and regressions which have left their marks in the coastal regions. 

'ih.e mountainous extra-Peninsular area, on the other hand, has been 
subjected to stupendous mountain building activity in the Cretaceous, 
Tertiary and Pleistocene times. It shows a complete succession of 
sedimentary rocks of all ages from the Cambrian to the Pleistocene, 

* f Im is a revised and enlarged version of a short paper entitle ‘‘The Structure of 
India’’ pnbHshed in the Indian Geographical Journal (Madras), Vol. XVIII, No. 4, 
pp. 137455, 1943. 
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deposited in a great basin of geosyncUnal dimensions bordering In^a on 
tbe north- This region is perhaps best described as the 
of t-wo continental masses — India from the south and s . . 

north. The cores of the uplifted mountains show large scale 
of Plutonic rocks, mainly of granitic composition, but also some basic 
and ultrabasic rooks in places. O^y parts of the mountainous area 
have been mapped and there remain large ^ ^ 

mountain belts are characterised by complex folding, over ri v ^ , v 
Nappes’ of great dimensions, involving horizontal compression ot tnc 
crust of -several hundred miles. Each of the three major arcs making 
up this region has its convex side facing the stable mass of t 
so that the thrusts are directed towards the south in the .Eimalayas, 
towards the east in the Baluchistan arc and towards the wes^ in e 
Burmese arc. Each of these arcs consists of a succession ot mountain, 
ranges one behind the other and, in a few places, they are gatherc up ly 
the underlying wedges of the Peninsular mass into a senes ot testoons, 
so conspicuously seen in the Baluchistan arc. Intrusive plutonic lOO 's 
are present in all the arcs but the details about their distribution are 

still wanting as there are several areas, especially m the Himalayas 

and in the mountains of the Assam-Burma border, about which geologica 


information is scanty or entirely lacking. 

As the stratigraphic and tectonic histories of the two re^ons are 
different, it would be best to treat them separately until the Tertiary, 
when they encroached on and influenced each other. 



1. The Archaean Formations 

More than half the area of the Peninsula exposes Archaean gnei^'^es 
and schists and Pre-Cambrian sediments and igneous rocks •which have 
been metamorphosed to various degrees. The earlier rocks were probably 
largely of igneous origin, penetrated intimately by granitic intrusives, 
giving rise to banded and composite gneisses. The original volcanic 
flows and tuffs and sedimentary rocks have been converted into am- 
phibolites and various types of schists. Three periods of granitic 
intrusion have been recognised and it is not unlikely that more will come 
to light when more detailed studies are undertaken in different regions- 
Tl)(' (‘.arliest of these is generally a highly folded gneissic complex for 
which the term ‘Peninsular G-neiss’ has been used in South India (Smeeth, 
1910). The next appears to be a porphyritic or augen gneiss (in the- 
Central Provinces), while the third is a granite which is to a large extent 
unaffected by folding and is of Upper I’re-Cambrian age — the Closepet 
granite of Mysore, the xircot and Hosur granite of Madras, the Brinpura 
granite of Pajputana, the Singhbhum granite of Bihar, etc. 

The highly metamorphosed and schistose Pre-Cambrians are known 
by different nam<'s in different parts of the country — the Dharwars 
in South India, Cliampaners and xVravallis in Gujarat and Rajputana, 
the Sausars and Sakolis in the Central Provinces, Shillong series in Assam, 
Bengal gneiss in Bihar, Darjeeling and Baling series in Sikkim, and so 
on. * 

The earlier gneisses are intruded by the charnockites (hypersthene 
granulites) ■which are well developed, especially all along the Eastern 
Ghiits up to the Nilgiri mountains and along the Western Ghats from 
Coorg to the southern tip of the Peninsula. They are pre-granite in 
age and presumably pre-Cuddapah (pre-Algonldan) as they show 
evidence of having been folded, in many places. They generally exhibit 
the characteristics of igneous intrusives as pointed out by T. H. Holland 
(1900) and are associated with pegmatitic phases. The larger masses 
are acid to intermediate in composition, but in eei tain areas there are 
ultrabasic members composed mostly or entirely of enstatite-hyper- 
stbene. In the Eastern Ghats of Jeypore in Orissa, they show evidences 
of later albitisation (Crookshank, 1938). Gneissic banding and folding 
are common in the major exposures of the Eastern Ghats, Palni and 
Nilgiri hills, etc. The charnockites are now generally considered to be 
an igneous suite which has been subjected to high-grade plutonic meta- 
morphisin, with the development of hypersthene which is their most 
characteristic femic mineral. Augite (often titaniferous) and garnet 
arc commonly found, while minerals with hydroxyl molecules like 
ampbibole are comparatively rare and often absent. The distinctly 
bluish colour of the quartz (and even of the feldspar) is generally attribut- 
ed to the presence of minute rod-like inclusions of rutile, but may really 
he due to some other cause. Whatever their origin, whether entirely 
igneous or derived from a variety of pre-existing rockb as held by 

3 



Vredenbuxg (1918) andB. Bama Rao (1945), it is clear that they have 

undergOBe severe metamorpliism under conditions of the kata-ziOM. 
The recent discovery of workable chromite deposits in such rocks m e 
Kondcipalle Hills near Bezwada in the Kistna Valley gives rise to tJae 
speculation that they may consist, in part, of material which may av^e 
risen up from the peridotite shell of the earth, especially as the c aino 
elates appear to be associated with folded mountain belt of the Jtasxrn 
Hhats. The chamockite areas have not been studied in suflacient detail 
for us to be able to say whether the ultrabasic members are mtrusnx 
into the intermediate and acid members or whether they are mere y 
differentiates from a common magma, 

2. Trend Lines in the Archaeans 

There are certain persistent regional trends noticeable in the Archaean 
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rocks of the different parts of India, which are described below (see also 
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The Aravalh aLrike . — The Aravalli mountain belt of Rajputana is 
characterised 1)y a N.E.-S.W. strike which can be seen from Delhi to 
Cbampaner in Ciujarat at the head of the G-ulf of Cambay. In the 
Guja,rat region it tends to splay out rather widely and a part of it, if 
continxied, is directed towards Mysore in South India where the Dhar- 
warian rocks have a domuiant N.N.W.-S.S.E. strike. Though the area 
int(‘.rvei)iiig betwoc.n Gujarat and Mysore is covered by the Deccan Trap 
lavas, (ilioT(‘ a))p(^ars to be little doubt about the direct connection 
beiiWficn the Archaeans of the two areas. Still further east in Gujarat, 
the Aravalli trend seems to turn south-east and east. In the absence 
of detailed studies in this critical region, it is not possible to say whether 
the Arava.lM ti'end gradually turns i-ound and merges into the Satpura 
strike (s(5e below) or whether the apparent turning is merely due to the 
iirteraction between two independent trends, one superimposed on the 
■other. 

'rh<' Ariiva.lli strikf' is found to continue into Garhwal in some of the 
older rocks (Auden, 1933, p. 407) . It may be that there was a rejuvena- 
tion of the nortbc'rn ]>{>.rt of the Aravallis in Tertiary or post-Tertiary 
times, but on this point there is no clear evidence. However, the rocks 
referre^d to above have retained their original strike unaffected by the 
Tcu'tiary orogenic nrovonients, probably because the movements were 
])a.rall(il to this strike diree,tion. Detailed studies of the post-Axchaean 
formations in this n^gion will bring to light facts which will explain their 
■distribution in relation to the Aravallis (Fevmor, 1930, p. 391). 

Tb('. Aravalli-! 'hamjianer trend apparently continues to the south 
into the. Daccaulives through the Banks in the Gulf of Cambay and the 
Direction a.nd Angria Banks further south. The Laccadive, Maidive 
4 i.nd Ohagos island groups lie along this alignment and all of them rise 
up from platforms 1,800 to 2,000 fathoms deep, as pointed out by Sewell 
(1935) who ([uot(!K the opinion of Moresby who surveyed this region in 
1834 to 1836. G. Schott (1902, p. 117) was also of the opinion that the 
Maldives and the- Chagos groups stand on parts of a single platform at 
thf'. bottom of the s(!a. There is a breach in the continuity of the Aravallis 
in the- Ga.mba,y-Gujai'a,t regi(m where transverse faults have let down 
a portion, ])rol)ably in U])j><ir Carboniferous times, while the western 
coast of Irulia was faulti'd down in the Miocene. Little is known regard- 
ing thf! subsurface geology of the abovementionod island groups but 
their tops are built up of coral retTs which continue to grow at the present 
day. Jf the southward (ixtonsion of the Aravallis into these island 
groups is a (•,<■■('. [)ted, their hfngth in the submerged portion to the south 
of 01i}unpa,ner would amount to about 1,500 miles. 

The DJrirwarian ntfike. —Aa mentioned above, a part of the Aravallis 
iit Gujarat trends in a SSE direction and apparently continues under 
the Deccan Traps into Mysore and adjacent parts of Hyderabad and 
Madras whore the general trend is HNW-SSE to HW-SE. In the south 
■of Mysore, near Mysore City and further south, the same rocks exhibit 
a high degree of metamorphism and assume a H-S strike, and finally 
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turn SW and WSW, thus adjusting their trend to that of the Eastern 
Ghats of Salem and the Nilgiris. 

Wadia (1943) has identified three peneplanes — ^post-Archaean, post- 
Jurassic and Tertiary — in Ceylon which is geologically a part of Southern 
India. He believes (1942) that this holds for South India also where 
the charnockite massifs stand out, bounded by steep scarps, above the 
general level of the Mysore plateau and other hills to the south. Lower 
down are the general plains which grade into the coastal regions. The 
Nilgiri mountains are regarded by him as elevated to their present height 
by a Tertiary uplift. 

In the region south and south-east of the Nilgiris the dominant strike 
is NW-SE, which continues into the south-western part of Ceylon.. 
There is a great similarity between this (southernmost) part of South 
India, Ceylon and Madagascar in the rocks they contain and in the 
associated minerals — garnet, sillimanite, graphite, monazite, thorianite, 
ilmeiiite, zircon, etc. — so that the belief that they were all originally 
parts of a single land mass is greatly strengthened. There is indisputable 
evidence that Ceylon was connected to India until the Miocene and 
occasionally thereafter. The NW-SE strike of the southernmost part 
of India may or may not be part of the Dharwarian strike and a satis- 
factory decision of this question must await detailed structural studies- 
of critical areas here. 

The Eastern Ghats strike . — Parts of the Nilgiris and of the districts 
of Coimbatore and Salem to their east and north-east, exhibit an EllTE- 
WSW strike. In South Malabar to the west of Mlgiris, KNW-SSB 
and N-S strikes are seen but some feldspathic schists further west show, 
according to Lake (1890. p. 12), an E-W strike of foliation. This latter 
foliation generally bends round the rocks which show the N-S strike. 
The feldspathic schists and their foliation therefore appear to be younger 
than the ^quartzose gneisses’ having the Dharwarian strike (Oldham, 
1893, pp. 36-37). This E-W strike may possibly be the westerly continua- 
tion of the ENE strike of the Nilgiris and may have a bearing on the- 
presence of the Palghat gap — a conspicuous gap in the Western Ghats 
just south-west of the Nilgiri mountains. 

Eastward of Wainad (the tract adjoining the Nilgiris on their north- 
west) and the Nilgiris, the BNE-WSW strike continues for some distance,, 
but gradually assumes a NE-SW to NNE-SSW strike which is well 
seen in parts of Salem and Trichinopoly. It continues towards Madras 
City north of which it assumes a broad sigmoidal flexure parallel to the 
eastern margin of the Cuddapah basin and to the Madras coast. The 
southern part of this margin is in fact parallel to the trend of the Dhar- 
warian schistose rocks into which the Nellore mica-pegmatites are- 
intrusive. Prom Guntur and the Kistna Valley, the strike assumes a 
NE direction, but curves inwards with a NNE direction near the northern 
border of Orissa where it is either interfered with by the Satpura strike^ 
of the Gangpur-Singhbhum region or is obscured by alluvial cover.. 
The western part of the wide belt in northern Orissa includes the iron- 
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•ore ranges of Keonjhar and Bonai whose dominant trend is NNE-SSW. 
It is not unlikely that there is a bifurcation of the Eastern Ghats belt 
near Bozwada in nor tli- eastern Madras^, one part going straight south 
to Ceylon and the other continuing for some distance southwards and 
then bending round to the south-west to proceed to the Nilgiris through 
Arcot and Salem. 

The effect of the Eastern Ghats orogeny is seen all along the eastern 
margin of the Ouddapah basin in Nellore and Guntur and almost up to 
the Singareni coalfield in Hyderabad. The eastern margin of the 
Cuddapah basin shows crxishing and overthrusting. Some rocks near 
the Singareni coalfield show folding and high grade metamorphism 
whereby schists with garnet, kyanite, staurolite, etc., have been produced 
from tlxe argillaceous members, and crystalline limestones and calci- 
phyres from the calcareous ones. Granitic rocks are associated with 
the folding. Heron (1949, pp. 118-121) correlates these rocks with 
the ^Pakhals’ which are considered to be the equivalents of the Cuddapahs 
{Algonkian). Mahadevan (1949), however, believes that the relation- 
ships, structxire and metamorphism of these rocks, as well of the Kaladgis 
of southern Bombay, indicate an earlier age, Archaean, for them. 
He points out that though tlie eastern margin of the Ouddapah basin 
of Madras shows evidence of folding and shearing, there are no associated 
granitic intimsives as in the case of the Takhals’ of the Singareni area. 
The elucidation of this problem would therefore have to await the results 
of detailed studies of critical areas in the Nellore-Guntur-Singareni 
xcjgion. 

Holmes (1950, p. 26) has recorded the ages calculated for samarskite 
obtained from the pegmatites of Nellore, ‘which are 830, 1550, 1760 
million years, on data furnished by two groups of investigators in India. 
The first of these is not far out from the results given by minerals from 
post-l)(dhi pegma,tites of liajputana or from the post-Satpura pegmatites 
of Gaya in Bihar. The other two give much higher figures, 1650 — 1760 
million years *\vhi(-b must indicate an Archaean (Dharwarian) age. If 
tlie results are all reliable, one would be led to conclude that there must 
be two sets of jxegmatites here, of vastly different ages. So far as I 
could gather, the samai'skite came from undisturbed pegmatites of the 
Sankara and BarlapalU^ mines in the Gudur area which should be assigned 
a post-Dharwarian and pre-Ouddapah age. Jt 'will be necessary to repeat 
the cliemical work on carefully selected material, as there is no field 
evidemxi, to tJie best of my knowledge, for the existence of two sets of 
pegmatites separated by such a large interval of time as the above 
results suggest. 

The Eastern Ghats consist largely of charnookites and khondalites 
(garnet-sillimanite gneisses and schiste) with some calc-rocks and meta- 
morphosed manganiferous sediments. Termor is of the opinion that they 
constitute a belt of block uplift and that the margins are jsones of faulting, 

^ I>r. 0. MatadeYan (poreonal comirmnicaton) says tLat the bifurcation starts in 
the Kondapalie Hills, a few miles north-west of Beiiwada. 
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Tkoiigh^accordingtoCrooksliank (1938, pp. 399-404), BO fault is discern- 
ible in the Jeypore region, Fermor's view is based on the high grade- 
metamorphism characterising all the rocks of this belt which must 
have been acquired when the rooks were buried deep. Practically through- 
out the Eastern Ghats belt from Orissa to the Nilgiris, charnockites are 
conspicuously present and granitic intrusives are not wanting though 
they do not attain great importance. 

The Mahanadi Strike , — In the area of Archaean rocks lying to the 
north-west of the Eastern Ghats, from the Godavari Valley to the Mahanadi 
Valley, the general direction of strike is NW-SE, but geological informa- 
tion on this region is still very poor. It will be noticed that this structural 
trend has controlled the formation of the block faults graben ’ ) in which 
the Gondwana formations have been preserved in the Godavari and 
Mahanadi Valleys. As this trend is not very different from the 
Dharwarian, it is not clear whether this region is to be trea ted as a separate 
entity or as part of the Dharwarian structural province. 

The Satfura Strike , — The last m3]or trend is that of the Satpura Range 
with an ENE-WSW direction. The Satpura Range between the Narbada 
and the Tapti in Gujarat is made up of Deccan Traps and the trend is 
continued through the Mahadeva Hills, the Maikal Range, the Mainpat 
Hills and the north of the Chota Nagpur plateau to the Rajmahal region in 
the Ganges Valley. The Archaeans are seen mainly from Jubbulpore 
eastwa.rds. There is also a southern group of conspicuous outcrops in the 
Nagpux-Chhindwara-Bhandara-Balaghat region of the Central Provinces 
and the Gangpur-Singhbhum region of Chota Nagpur, where the same 
strike is seen. Further east beyond the Rajmahal region which flanks 
the Ganges Valley, this trend is continued into the Garo Hills in the 
western part of the Shillong plateau, while much of the rest of the plateau 
shows the Eastern Ghats trend. 

In Singhbhum in South Bihar, which has been mapped in recent years 
in detail by Dunn and others (1929, 1939, 1942) , evidences of the Satpura 
orogeny have been studied. A major thrust zone separates the highly 
metamorphosed northern area from the unmetamorphosed southern area 
This thrust zone runs roughly ENE-WSW and E-W for nearly 100 miles 
turning to the S-E near the eastern end and is associated with copper 
mineralisation because of which it is known as the ' Singhbhum Copper 
Belt There are two neaily parallel thrust zones to its north, one 
marking the northern border of a belt of lavas (Dalma Traps) and the 
otter further north. All the three are parallel to the Satpura trend and 
tend to converge near Goilkexa, west of Chakradharpur. The thrust in 
all cases is from the north. To the south of the main thrust zone, the 
same series of rocks are practically unmetamorphosed but have been 
affected by the folding of the Eastern Ghats (NNB) strike. The thrust 
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zone is continued westwards into Gangpur through, the northern border 
of the Gangpur anticlinorium which contains rocks thought to be older 
than those of Singhbhum (Krishnan, 1937). 

Beyond the last thrust zone in the north, there are granite gneisses 
which occupy a broad belt between south and north Bihar. They become 
conspicuously banded and gneissic as they approach the schists in the 
south and are granitic in the north. During the period of (Satpura) 
folding, ultrabasic rocks and granite were intruded the latter being 
apparently the younger. A phase of the granitic intrusion consists of 
granophyre and soda granite chiefly intruded along the main thrust zone, 
the copper mineralisation along the same zone being attributed to this 
phase. 


3. Relative Ages of the Orogenic Cycles 

Attention may be drawn here to the fact that the Aravalli trend of 
Eajputaha is parallel to that of the Eastern Ghats ; the Dharwarian and 
Mahanadi trends (including that of the southernmost part of the Penin- 
sula) may really be identical. There are areas in which the different 
trends meet each other. Structural and petrofabric studies in such areas 
must yield results of much value, for instance in eastern Gujarat, the 
Nilgiris and Malabar. Salem-Mj sore and the western margin of the Eastern 
Ghats. In Bhandara in the Central Provinces and in southern Gangpur 
in Orissa there is evidence that three different trends come together 
formijig triangular patterns. 

There are few reliable data regarding the relative ages of the major 
folding movements which produced the trends described above. In the 
Aravalli region the diastrophism was repeated in Upper Pre-Cambrian 
(post-Delhi) times and acid la.vas, granites and pegmatites were erupted 
and injected at the time of the later activity also. There is some evidence 
in the Gangpur anticlinorium that the Satpura trend has effected an 
older one, presumably tbe Eastern Gbats trend (Krishnan, 1937, p. 73). 
Because of this the porphyi oblasts in certain mica schists have been 
only partially turned and the rocks have been subjected to regressive 
metamorphism. 

A. Holmes (194.9 and 1950) has investigated the ages of uraninite 
from a pegmatite from Gaya in the Satpura belt of Bihar and of uraninite 
and monazite from post-Delhi pegmatites of the Aravalli belt in Eaj- 
putana, and found that the former indicated an age of 956± ^0 million 
years and the latter 736 million years. From these data he has deduced 
that the post-Delhi orogeny, with which tbe Rajputana pegmatite is 
associated, is younger than the Satpura orogeny which gave rise to the 
Gaya pegmatite. Since the Aravalli orogeny is much older than the 
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Delhi one, the former was thought to be the oldest of the Ar.chaeau er- 
ogenic cycles in India. The Eastern Ghats cycle was given an age in- 
termediate between the Aravaili-Dharwar cycle on the one hand and the 
Satpura cycle on the other. Holmes has consequently formulated a 
succession of diastiophic c>c]es as shown below (1950, p. 27) : — 

^ VlNDHYAN 

735 m. y. 

Delhi cycle (== ? Cuddapah) 

955 ;;:1^ 4:0 m.y, 

Satpuea cycle 
Eastern Ghats cycle 


(Aray^i cycle) ?=Dharwar cycle 
Older Gneissic complex (= ? Bundelkhand Gneiss) 

In explanation Holmes ^?rote (1950, ]). 26) : — 

“ Eor this reason it is provisionally supposed that the Aravallis 
and the Dharwars constitute parts of a single orogenic belt. 
This is an example of a tentative correlation that remains to be 
proved by the dating of radioactive minerals. It should be 
added that the Aravallis are underlain by a Gneissic Com- 
plex ’’ which represents a still older erogenic belt. 

The relative positions of the Satpura and Dharwar rocks can be 
arrived at by another route. The map shows that the 
Eastern Ghats belt, celebrated for its khondalites, kodurites 
and chamockites, cuts across the Dharwar belt and therefore 
represents a younger orogenic cycle. The Satpura belt, 
however, appears to be younger still, judging feom observa- 
tions made in Orissa by Krishnan (1943 a, p, 141). Minerals 
suitable for dating the late pegmatites of the Eastern Ghats 
belt (more likely to belong to the Dharwar belt) occur in the 
^ pegmatites of the Nellore district, and already a few analyses 
of samarskite have been made for the purpose. The crude 
ages so far available are 830, 1550, and 1760 m.y. On balance,, 
tbese also suggest that the Eastern Ghats belt is older than 
the Satpura belt ...” 
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In regard to tlie necessity for separating the different orogenic cycles 
in the Archaeans, Hohnes wrote (1949, p. 299) : — 

“At the moment, however, it can be conciuded either that the 
Satpura and Eastern Ghats belts are of about the same age, 
or that the Eastern Ghats belt is older than the Satpura belt. 
The tectonic evidence strongly supports the second view. 
In either case, the Dharwars are older than both. Rocks 
of the Eastern Ghats and Satpura belts should therefore no 
longer be referred to as ‘ Dharwars ’ as they commonly have 
been in the past (Eaiahnan 1 935 ; Eermor 1936, p. 214) 
To do so would be to perpetuate a mistake that is analogous 
to the misuse of the term ‘ Laurentian ’ in North America. 
The original Laurentian rooks of the Grenville Province have 
a closing age of just over 1000 m.y. (Holmes 1948 a, 180-184). 
The post Keewatin pegmatites of the Rainy Lake may have 
an age of nearly 2000 m.y. (Holmes 1948 a, 189-193). Yet 
the post-Keewatin granites and migmatites have been called 
‘ Laurentian implying an entirely mijustified correlation 
with rocks 800 miles away and completely unconnected. 
Similar mistakes have been made in all the better known 
Pre-Cambrian shields, and only now, with the progress of 
mapping and the aid of radioactive minerals is it becoming 
possible to disentangle the long succession of orogenic belts 
which make up the so-caUed ‘ Archaean ’ once thought to 
represent an era of world-wide orogenesis. ” 

In a discussion of the data presented by Holmes, Eermor (1960) 
remarks that the only conclusion to be drawn from them is that the 
pegmatites from which the uraninite and monazite were got had an ago 
between 700 to 900 million years and that they cannot be used as in- 
dications of the ages of the schistose rocks cut through by these pegmatites, 
since these schistose rocks may be many millions of years older than the 
pegmatites, and since the pegnoatites in the same area may be of more than 
one age. 

In reply to Eermor’s criticism, Holmes, has pointed out that he was 
attempting to date the close of the orogenic periods while Eermor was 
thinking of the ages of the formations in the different belts (Holmes 1950 
a, p. 227). 

While discussing the different tectonic trends, I have pointed out 
that there is some evidence of the Satpura trend in the Gangpur area 
being younger than another, presumably the Eastern Ghats, trend. I 
have also referred to Lalffe’s work in Malabar which shows that the folia- 
tion of the feldspathic schists having E.W. strike (which is presumably 
hat of the Eastern Ghats strike near its ternaination in this region), 
13 G 8 1 2 
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^ flows ’ axound tke masses of quartzose gneisses having the Dharwarian 
trend of the Western Ghats, In the Nellore region north of Madras, 
where some Dharwarian rocks with the characteristic trend are present, 
the Eastern Ghats "belt seems to mould itself on the Dharwarian as it 
shows an eastward convex bend and again resumes its original direction 
(NNE and NB) near Madras City. It may be inferred from these that 
the Eastern Ghats orogeny is younger than the Dharwarian; I have 
also pointed out above that the Eastern Ghats appear to have been 
affected by a later, i.c., post~Cuddapah, diastrophism along the same belt. 
Hence, the data from age determination of pegmatite minerals do not 
dispose of Eermor’s contention that each of the erogenic belts may contain 
rocks of different ages. The correlation of the formations of the different 
belts can be solved mainly by careful structural studies. These can, 
of course, derive some help from radioactive age determinations of minerals 
whose sources can be dated with confidence. 

It is known that there is a ridge beneath the alluvium in Punjab 
trending in a north-westerly direction from Hissar (west of Delhi) to 
near the Salt Eange. This rises above the alluvium only at a few places 
near the north-western end, in the Kirana and Sangla Hills 40 miles to the 
SSE of the Salt Hange. These hills extend over a distance of some 60 
miles in a NW-SE direction, which is also the strike of the rocks composing 
them. These rocks are Pre-Cambrian and are entirely different from 
any in the Salt Eange and are more related to those of the Aravalli 
mountains (Heron, 1913, p. 229). Auden (1949, plate XI and p. 153) 
regards this ridge as a continuation of one of the western ranges of the 
Aiavallis which would thus have a sigmcidal shape when followed from 
western Punjab through Eajputana to Dharwax and Mysore. This 
Punjab ridge, it will be noticed, is parallel to tbe Himalays, and is flanked 
on its north by a trough similar to the Gangetic trough or foredeep in 
Bihar, in front of the Himalayas, The structure and history of this 
ridge is not easy to decipher as it is entirely covered over by alluvium 
except for tbe few hills rising above the alluvium near the Sait Eange. 

4. The Assam Plateau and Wedge 

The Assam plateau, of which the outlying Mikir bills are undoubtedly 
a part, consists mostly of Archaean and Pre-Cambrian rocks, overlain 
along the southern margin by the Sylhet traps (Jurassic) and Cretaceous 
and Tertiary sediments. At and near its western end the rocks of the 
plateau show the Satpuxa trend, while in much of the rest of the area 
the trend is that of the Eastern Ghats, Though now separated from 
the ntain peninsular area by a broad strip of the Ganges-Brahmaputra 
alluvium, there is no doubt that the Assam plateau is part of the Penin- 
sular shield. It appears to have been covered by the sea from the Jurassic 
or Cretaceous onwards and to have experienced the effect of the Tertiary 
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movements of the Himalayan and Burmese arcs in that it vsras uplifted 
in the Miocene. The Himalayas are thrust towards it in a southerly 
direction and the mountains of the Burma border in a westerly and 
northwesterly direction. Fox {see Heron, 1937) says that the plateau is 
sliced by a system of faults which run IST.-S-, en echelon^ each faulted slice 
having been sMfted slightly to the south of the one immediately on its 
west. The Assam block continues to the north-east as a wedge, sub- 
merged under the Brahmaputra alluvium, for its influence is felt in the 
Sadiya region and beyond, where occurs a remarkable hair-pin bend in the 
strike of the Himalayan formations. This critical region is unfortunately 
little known geologically, but there seems to be no doubt that the Himala- 
yan formations continue into the Burmese arc comprising the Patkoi, 
Manipur and Arakan mountains (Wadia, 1936). The continuity seems 
to be partly interrupted in the Sadiya frontier tract and Mishmi Hills 
which expose highly metamorphosed Archaean rocks with NW-SE 
strike. To the east of this, in the Hukawng Valley and Fort Hertjs area, 
there are Archaean schistose rocks and granitic intrusives but these may 
possibly belong to the Burmese province. The effect of the Assam wedge 
is seen far to the north-east in south-eastern Tibet and south-western 
China. The mountain chains of that region show a sharp north east- 
ward flexure ox convexity. The great rivers of south-east Asia — ^the 
tributaries of the Brahmaputra, the Irrawaddy, the Salween, the Mekong., 
the Yang-tse — ^rise in a small tract north of Upper Assam, and after 
flowing some distance southward, diverge widely and flow finally into the 
Indian Ocean or the Pacific as the case may be. 

In the western part of the southern border of the Assam plateau, the 
Cretaceous and Tertiary rocks axe overthrust by older rocks from the 
north. Followed eastwards, this overthrust zone passes into a mono- 
clinal fold whose southern limb plunges steeply into the alluvial plains 
below. Further to the east, the same zone takes a north-easterly direction 
and merges into a thrust fault — the Haflong-Disang thrust — ^but now the 
thrust is from the south-east, from the side of the Burmese age. This 
thrust marks the north-western limit of the Bisang series of Eocene age. 

More or less parallel to, and some distance north-west of, the Haflong 
thrust, is another thrust fault, also directed to the north-west. This is 
called the 'Naga thrust. It is close to the border of the Brahmaputra 
alluvium in Upper Assam. Several producing oil wells have been drilled 
in the Tertiaries involved in the Naga thrust. Numerous obher parallel 
strike faults and overthrusts are seen in the Naga hills to the south-east, 
even beyond the Haflong-Disang thrust. 

The northern border of the Assam Plateau is faulted and presents a 
scarp towards the plains of the Brahmaputra. Like the Ganges in Bihar, 
this river also flows through a trough in front of the folded Himalaya 
mountains. 



14 


KKISHNAIT : STRTJCTUBAIi AUD TECTONIC HISTOEy OE INDIA 


5. The Punjab=Kashmir Wedge 

A effect is produced by the Punjab-Kashmir wedge in the 

north-west. The Potwar plateau of western Punjab is a synclinal trough 
with its axis along an BNE-WSW direction (Fig. 2). The northern 
border, adjoining the Kala Cbitta and Margala hills, is closely fo de 
into steep isoclines and recumbent folds, but the main synciine contains 
more open folds dipping north with strike faults hading in the same direc- 
tion. It has probably a sub-stratum of Mesozoic rocks but exposes only 
Murree (OHgo-Miocene) and Siwahk (Mio-Pleistocene) fromations while 
along its sonthern edge Eocene rocks appear. The total thickness of 
Tertiary sediments aggregating to 25,000 ft., epitomises the Tertiary 
geolog v" of Pimjab and Kashmir (Anderson, 1928 : Wadia, 1932a). The 
southern border of this plateau is the Punjab Salt Range which presents 
a conspicuous scarp showing Cambrian sediments followed by a complete 
succession of marine rocks ranging in age from the Carboniferous to 
Eocene, and lacustrine and fluviatile sediments of Oligoceue to Miocene 
ages which, overlie them and extend northwards over the plateau. The 
Salt Range shows a faulted flexure in the east which, when followed 
westwards, is resolved into three parallel overthxusts. The upper limb 
of this disrupted fold has been thrust over the lower, completely oblitera- 
ting the latter. The distance over which the rocks have been thrust has 
been estimated at not less than 20 miles (Gee, 1934a, p. 462). Saline 
marls associated with gypsum and dolomite appear in ail sorts of posi- 
tions in the overthxust zone and their stratigraphical position has been 
a source of controversy in Indian geology for many decades. 

The presence of a wedge of the Peninsula projecting from North-west 
Punjab into Kashmir is inferred from the spectacular hair-pin bend of the 
geological formations in north-western Kashmir, some 75 miles north-west 
of Poonch. This is the Kashmir-Hazara Syntaxis described by Wadia 
(1931, 1938). On both sides of the bend, the formations have a NW-SE 
strike, but the southwestern side soon turns southwards and sweeps in a 
broad arc convex towards India. Mesozoic and Tertiary sediments as 
well as the Pre-Cambrian Salkhala formations are affected by this sharp 
flexure. Around this bend, the overthrust is directed from all sides 
towards the axial direction (Fig. 5). The effect of the wedge is seen as 
far north as the Karakoram — ^Hindu Kush ranges, the Panur and East 
Ferghana, as will be seen from the northward bend of all the mountains 
and of the geological formations north of Kashmir (Hayden, 1916). 
Mushketov (1929) states that in the Alai Range, which forms the southern 
border of E. Ferghana in Russian Turkestan, there is an earlier (Tien- 
shan) folding from the north arid a later (Himalayan-Alpine) fol<Kng and 
thrusting from the south which has an imbricate character. It is only 
in the Red Trough of Alaiku, occupied by red Cretaceous sandstones^ 




SECTION ACROSS THE POTWAR GEOSYNCLl 

Fig 2. (After D. N. Wadia. ) ^ 




HIMALAYAS AND CENTRAL ASIAN MOUNTAIN RANGES 






that the effects of the Tien Shan folding from the north, and of the Hima- 
layan folding from the south, are not noticed. 

The effect of two other wedges is seen in the Baluchistan arc. One 
of these wedges is directed towards Sibi and Quetta and the other north- 
west from Dera Ismail Khan just south of the Salt Range. In each of 
these, regions the festooning effect of the wedge is conspicuously seen, 
both in geological and topographical maps. 

It would appear that these wedges- which are, so to say, underthrust 
into the mountain belt bordering northern India, are responsible for the 
high seismicity of the regions lying near their tips (Sadiya, Pamir and 
Quetta areas) as the disturbance in the sub-crustal part of these 
regions may be much greater than elsewhere along the belt and will take 
a longer time to die off and attain equilibrium. 


6. The Purana Formations 

(Cuddapahs and Vindhyans). 

The practically unfossiliferous upper Pre-Cambrians are known as 
the ‘ Purana ’ formations in India. The}’' comprise the Cuddapahs 
which are entirely Pre-Cambrian, and the Vindhyans which are 
probably partly Pre-Cambrian and partly younger and contain discoid 
fossil impressions assigned to tbe genus Fennoria (Chapman, 1936 ; M. R. 
Sahni, 1936; Misraaiid Bhatnagar, 1960). They are exposed in the 
Aravalh fold belt of Rajputana and in three large crescent-shaped areas in 
Central, Eastern and Southern India. The southern one is the Cuddapah 
Basin containing Cuddapah and Kurnool (Vjndhyan) sediments, which 
were deposited over the Archaeans after an interval of erosion. The 
eastern concave margin of this basin, which is parallel partly to the trend 
of the Dharwarian and partly to that of the Eastern Ghats rocks, is, 
unlike the ■western margin, highly disturbed and folded. The older sedi- 
ments in this basin are the Cuddapahs and the later ones the Kurnools. 
The' Cuddapahs contain intrusive basic sills and have been folded and 
disturbed to some extent, while tbe Kurnools are practically una'ffected. 

The Aravalli belt of Rajputana contains the Delhi System which is 
considered to be the equivalent of the Cuddapahs, though it has been 
subjected to intense diastiophism and intruded by granit.es and other 
igneous rocks. It is best developed in tbe synclinorium and extends down 
to Gujarat, where it pitches downward. It is overlain by the Vindhyan 
system of rocks which occur mainly in the neighbouring areas. 

To the east of the Aravalli belt is the great Vindhyan basin of Northern 
India, occupying an area of some 40,000 sq. miles. It has also a crescentic 



shape, the northern concave margin enclosing the Bundelkhand granite 
of Archaean age. Its western margin against the Aravalli fold belt is 
marked by a reversed fault or overthrust, the upthrow on the western 
side being estinaated at 5000 ft. (Oldham, 1893 p. 103) or 3500 ft. 
(Heron, 1938 p. 128). The AravaUis are brought up against the Bhander 
Sandstone (Upper Vindhyan) along the fault. This fault, which is parallel 
to the trend of the AravaUis, and has been traced over a distance of 
500 miles or more, is definitely post-Vindhyan and may belong to the 
Hercynian orogenic period or even to the Mesozoic. Uraninite and 
monazite from pegmatites intrusive into the Delhis indicated an age 
of 700 to 865 million years (Holmes, 1949). 

The Vindhyans comprise two major divisions, the Lower Vindhyan 
or Semri Series, and the Upper Vindhyans. The Semri series is seen 
near the outer borders of the Vindhyan basin in the Son Valley, near 
Chitor in Rajputana and in the Dhar forest on the edge of the Narbada 
aUuvium east and south-east of Bhopal. The Semris are intruded by 
basic lavas and show much disturbance and folding. The rocks of 
the Dhar forest exhibit folding along a NW-SB axis which apparently 
continues in a northwesterly direction, underneath the Deccan Trap, 
to Jhalrapatan southeast of Kotah. 

The Upper Vindhyans, with which the Kurnools are correlated) 
consist largely of sandstones and shales deposited in shallow waters 
and partly under semi-arid conditions as witnessed by the false-bedding 
of the sandstones, their red colour and the occurrence of gypsum in 
some of them. They are generaUy undisturbed except near the southern 
and southeastern edges of the basin. The movements on the south- 
western side have come from southwest whereas in the eastern areas 
they appear to have come from the south or south-south-east, controUed 
by the earlier Satpura strike. 

The third large area is the group of exposures in Bilaspur, Raipur, 
Bastar, etc., in the Cetral Provinces which are taken generally to represent 
the Cuddapahs, and perhaps also the Vindhyans, in part. Here also 
the more eastern outcrops show some disturbance on the eastern sid^ 
adjoining the Eastern Ghats. A few other patches of Purana rocks are 
found along the Godavari Valley and in the Kistna and Bhima Valleys 
of Southern Bombay and Hyderabad. In these last, the Kaladgi forma- 
tions (presumed to be the equivalents of the Cuddapahs) are said to be 
intruded by granite (Iyer, 1939, pp. 518-620). 

A fact to which attention should be drawn is that the Delhis, Pakhals 
Kaladgis and the Puranas of Raipur-Sambalpur area of Orissa and 
the Central Provinces (V.S. Krishnaswami, 1961) are all intruded by* 
granites. Since the Cuddapahs of Madras, with which these are generally 
correlated, have not been subjected, to granitic intrusion, there are 



19 


tS peninsula. 

’I. . , ' 

grotmds for reconsideration of such, a correlation. As pointed out by 
Mahadevan (1949), these groups may be really older than the Cuddapahs. 
The question will have to be kept open until more field and laboratory 
data on the age of these various groups become available. 

It should be stated, however, that while strong mountain building 
movements affected the Delhi formations, their presumed equivalents 
in South India experienced comparatively less intense activity. The 
Lower Vindhyans (Semris) were also subjected to movements of some 
magnitude, but there is some doubt whether these formations do not 
reaUy belong to the Cuddapahs. The Upper Vindhyans are everywhere 
practically unaffected by earth movements except in the Bundi-Karauli 
region of Eajputana where they are folded to some extent. 

There are no formations in Peninsular India younger than the Vin- 
dhyans untfi we reach the period of glaciation in the Middle or Upper 
Carboniferous. During the whole of this interval, the Peninsula was 
apparently rmaffected by any strong orogenic movements though the 
Vindhyans must have been uplifted and all land subjected to denudation. 
If any deposits had been laid down during this interval, they must 
have been removed completely by erosion. 

7. The Gondwana Formations 

Gondwana sedimentation was initiated by large icesheets which 
covered the greater part of the Peninsula and whose motion was res- 
ponsible for the laying down of the Talchir tillite in Eastern India, the 
Salt Range and parts of the Himalayas. The direction of ice movement 
was towards the north in Eastern India and north-west in the Punjab, 
for wb find some characteristic Eajputana rocks amongst the boulders 
of the Salt Eange tillites. In the Himalayan area there are tillites 
presumed to belong to this age in Kashmir and Hazara (Tanakki and 
Talhatta boulder-beds), in the Simla-Garhwal region (Blaini and Mandhali 
boulder-beds), in the Kosi river Valley in Nepal near Barahakshetra 
(Auden, 1946, p. 346), in the Permo-Carboniferous Lachi Series of North 
Sikkim (Auden, 1935, p. 155 ; 1946, p. 346) and at several places in 
the Sub-Himalayan zone up to east longitude 95°. It is* thought that 
Gondwana glaciation extended to some distance north of Lachi (28°1' : 
88°45') for the beds in the Lachi HiUs must originally have lain further 
north and brought to their present position by thrusting. 

According to Pox, the coal-bearing formations of the Lower Gond- 
wanas were laid down by extensive river systems which flowed from 
high-lands' situated to their south and east. It is therefore likely thait 
the Aravalli-Central India region, the Eastern Ghats and South India 
.constituted high-lands, which might have been depressed to some extent 
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by tbe load of ice. Tbe tillites appear to have been deposited in tbe sea 
along the northern border of India and in the Salt Eange area. 

At about the same time, great orogenic disturbances (the Hercynian 
revolution) vrere taking place in Asia and Europe, and there is evidence 
that the Western Altai, Tien-Shau, Krm-Lim, Karakoram, Nan-Shan 
and Tsin-Lin ranges came into existence. A great mediterranean sea, 
stretching west to east from Southern Europe through the Balkans, 
Turkey and Iran to the Himalaya, came into existence. This stretched 
out further east through what is now the Assam-Burma border and the 
Arakan moxmtains. This sea, called the Teihys by E. Suess, persisted 
throughout the Mesozoic but gave place to mountain ranges in the Ter- 
tiary. The history of this geosynchne will be dealt with in some detail 
later. A depression or rift seems to have been formed at about the 
same time along the valley of the Narbada as far east as Umaria (23°32'’ ; 
80°50') and perhaps extending further east. The Umaria region was 
apparently connected through Gujrat and Cutch to the arm of the 
Tethys stretching into the Salt Eange and Baluchistan. The reason 
for this statement will appear later (see below). 

The close of the glacial period is marked by Talchir shales and sand- 
stones containing grains of undecomposed feldspar. This was followed 
by a cold temperate climate during which the Olossopteris flora flourished 
throughout the. southern continents and India. The chief coal-bearing 
beds in India are the Barakar and Eaniganj series, of Lower and Upper 
Permian age respectively, separated by barren sandstones. The coal- 
fields arts situated along three major zones of block faulting (graben), 
viz., along the Damodar-Son, Mahanadi and Godavari valleys. In the 
Damodar-Sqn Valley the southern sides of the blocks are more deeply 
faulted than the northern ; in the Godavari and Mahanadi basins the 
north-eastern sides are faulted down more than the south-western. The 
faulting may, to some extent, have taken place pari passu with the 
sedimentation. 

In the Umaria basin mentioned above, a small outcrop of marine 
Lower Permian rocks was found a few years ago, overlying the Talchir 
tillite and underlying the Barakars. This zone is rich in Productids. 
and a few other genera of brachiopods and some small gastropods ; 
these have some similarity to the Salt Eange fauna and are assigned 
to the Permo-Carboniferous, i.e. equivalent to the Speckled Sandstone 
group and the Eurydesma and Conularia beds of the Salt Eange (Eeed, 
1928). Since it is only in Kathiawar and Cutch that there are marine 
strata younger than these beds, and since it is known that the Narbada 
valley is a zone of weakness, it appears most probable that the Salt 
Eange sea was connected with Umaria through these regions (Krishnan, 
1949, p. 284). 
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In the Salt Range area, the Talchir tillite is immediately overlain, 
by shales containing impressions of Gangamopteris, Glossopteris and 
spores probably belonging to these and allied plants (Virkki, 1937, 1939). 
Many of these spores were found to be almost identical with those of 
the Bacchus Marsh beds of S.E. Australia (B. Sahni, 1939). These tillites 
are overlain by the Olive series containing Eurydesyna and Conularia- 
bearing horizons. The Olive series is overlain by the Produotus Lime- 
stone group of Permian age. 

In Kashmir, the Hexcyniau revolution produced land conditions 
in some parts and the Panjal volcanic episode commenced. The Agglo- 
meratio Slates of Upper Carboniferous age contain intercalations of 
marine strata with Productids, Spiriferids, Fenestclla, etc., and also' 
plant beds with Gangamopterii, Glossopteris, etc., and the amphibian 
Archegosaurus. An Eurydesma-heaxing horizon is found just below 
the Gangamopteris beds. The plant beds are overlain by the Zewan 
beds containing marine Permian fossils similar to those of the Salt Range 
and the Spiti valley. 

The volcanic episode and partial land conditions in Kashmir con- 
tinued throughout the Permian and well into the Triassic, so that inter- 
migration of plants between this area and Angaialand and Cathaysia 
was possible through the Pamir and Ferghana region. East Ferghana 
was characterised by continental conditions from the Upper Carboni- 
ferous to the Jurassic and a marine transgression took place only in the 
Cenomanian, according to Mushketov (in Gregory, 1929). The Hercynian 
revolution produced land conditions also in Northern Afgbanfstan and 
Eastern Iran, which lasted through the Permian and Triassic. 

In the Spiti Valley, north of the main Himalayan range, there was 
a Rhacopteris flora in the lower part of the Middle Carboniferous Po 
Series, whose upper part is marine. After the Hercynian revolution, 
the Tethys Sea was established in the Himalayan area. 

Gondwana strata, often coal -bearing, are found in the Giridih and 
Rajmahal regions north and north-east of the Raniganj field of Bengal, 
where they have been faulted down along radiating fractures ; along 
the western edge of the Garo Hills of the Assam plateau (Sale and Evans, 
1940, p. 344) ; and at several places along the Sub-Himalayan zone 
eastward from Nepal up to about E. longitude 95° in the Abor Hills, 
where they are found generally crushed by the mountain building move- 
ments and overthrust by older rocks. It is therefore clear that the 
Lower Gondwana fiuviatile and lacustrine sediments were laid down 
along the Sub-Himalayan legion which formed the northern edge of 
the Peninsula. 

The humid conditions which permitted the growth of luxuriant 
vegetation in the Permian gave place to dry continental conditions 
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in tlie Triassic, Tke sediments of tMs period are red sandstones and 
sandy clays (Pancliet and Mahadeva Series) probably laid down in lakes. 
They haTe yielded remains of some amphibians and reptiles. The 
Glossopteris flora dwindled and gradually gave place to the Thinnfeldia- 
Ptilophyllum flora. The latter attained prominence in the Jurassic, 
when moist conditions returned again and the Eajmahal, Kota and 
Jabalpur beds were laid down. The differentiation which existed 
amongst the four distinct floras of the Permian {viz., the Arcto-Carboni- 
ferous flora of Europe, the Angara flora of Siberia, the Cathaysian or 
Oigantopteris flora of China and the Grondwana or Glossopteris flora of 
Gondwanaland), had disappeared and the Jurassic flora became uniform 
all over the globe. 

The Upper Gondwanas are well developed in the Eajmahal area 
at the head of the Ganges delta, in the Janakpur-Sohagpur area of the 
Son Valley, in the Jubbulpoxe and Pachmarhi regions in the Central 
Provinces, in the Godavari Valley, Gujarat, Cutch, Jaisalmer in Eaj- 
putana and a few places along the east coast. In the last, plant beds 
referable to the Jabalpur or Kota stages (Middle or Upper Jurassic) 
are associated with marine beds. Some ammonites in the marine beds, 
not too well preserved, have been assigned a Neocomian age by Spath 
(1933) from their evolutionary characteristics. The East Coast Gond- 
wanas may therefore be of Middle Jurassic to early Cretaceous age, 
and indeed, Cotter (1938, p. 36) was of the opinion that the Upper Gond- 
wanas of the East Coast were of Lower Cretaceous age. In the Eajmahal 
Hills, plant-bearing beds occur intercalated with thick lava flows. These 
are thought to belong to the Middle Jurassic. The Sylhet Traps of 
the Assam plateau and the lavas in the Abor Hills of the eastern end of 
the Himalayas, as well as the dykes of lamprophjue, peridotite and basalt 
which traverse the eastern coalfields, are all regarded as of the same age. 

The chief phase of block-faulting which affected the Gondwana 
strata in India may be of Upper Triassic to Lower Jurassic age. In 
the Damodar valley coalfields, most of the dykes (presumed to be of 
Eajmahal, i.e. Middle Jurassic, age) are later than the faults traversing 
them. In the Karanpura coalfields some faults are pre -Mahadeva 
(pre-Upper Triassic). The boundary faults of the Damodar Valley 
coalfields run practically E-W, more or less en echelon, but in the Son 
valley area they run ENE-WSW, parallel to the Satpura trend and the 
Harbada rift. There is a seiies of fractures associated with block- 
faulting, radiating to west, north-west and north from the Kaniganj 
•area in W. Bengal, and in these are situated the seveial small coalfields 
of southeastern Bihar including the Giridih and Eafmahal fields. These 
may have been contemporaneous with the fissures through which the Eaj- 
mahal Trap was erupted. Whether other fractures were formed trending 
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north-east from the same focus towards Bhutan, is a matter of speculation, 
as that direction is entirely covered by the Gangetic alluvium. If such 
fractures did exist, they would have been the fore-runner of the Garo- 
RajmahaJ gap about which there has been much discussion recently 
(Hora et. al., 1949). 

After this period, and probably in the Middle Cretaceous, the 
Gondwanas underwent folding movements which affected the 
strata in the Son valley more than those in the Damodar valley, 
though the latter also have been affected to some extent. The age of 
this movement was post- Jabalpur, for there is a large unconformity 
between the Jabalpurs (Upper Jurassic) and the Lametas (Upper 
Cretaceous). We often find horizontal traps resting on the folded 
Gondwanas with a marked disconformity. The base of the Gondwanas 
is found at different elevations in different places (Auden, 1949 a, p. 
320) — 200 ft in Bengal and 3,000 ft. in Sohagpur and Chhindwara in the 
Central Provinces. Where depressed by block-faulting or folding, the 
base is several hundreds or thousands of feet below sea-level, e.g., 400 ft. 
or more in the chief troughs. The age of the folding was probably 
the same as that which affected the Jurassic rocks of Cutch in Middle 
Cretaceous times (post-Aptian and pre-Maestrichtian) which wiU be 
adverted to later. 

We may now turn to the Extra-Peninsular region comprising the 
Himalayan, Burmese and Baluchistan arcs and consider the sequence 
of events there as well as along the coasts of India. 



THE EXTRA=PENINSULAR REGION 
1. The Himalayan Arc 

The Hiiaalayan arc lying to the north' of India is one of immense 
radius and extends from Nanga Parbat (26,620 ft.) on the 'west to Namcha 
Barwa (25,446 ft.) on the east. The term ‘Himalayan Arc’ is used here 
in an orographic and geographical sense to designate the unit comprising 
the Himalayan mormtain chains for, geologically and structurally, 
it continues into the Baluchistan and Burma arcs at either end, as will 
be made clear later (Wadia, 1931 ; 1932 ; 1936). It consists of a series 
of more or less parallel ranges ■which are succeeded further north by still 
more ranges. But in that direction the curvature of the successive 
ranges gradually lessens. 

The Himalayas are generally divided into four longitudinal zones. 
The outermost, bordering the north Indian plains, consists largely of 
the Siwalik formations (Mio-Pleistocene), forming low hills and of varying 
■width, up to 30 miles ■wide. The next is the Sub-Himalayan zone (also 
called Lesser Himalayas), about 50 miles in width and on an average 
7,000 — 10,000 ft. in altitude though some points are much higher. It 
contains sediments of various ages from the Pre-Cambrian upwards, 
most of them generally unfossiliferous. Amongst them are the Talchir 
tilhtes at the base of the Gondwanas as well as coal-bearing Lower 
Gondwanas at many places. This contains several overthrusts and 
nappes in which recumbent folds and inverted sequences are common. 
This represents the border of the former land mass of India and the 
marine basin which lay immedia'bely beyond. Beyond this comes the 
Central Himalayan zone, some 40 miles wide, containing practically 
all the snow-clad high peaks. It consists of some sedimentary and 
metamorphic rocks and large masses of igneous intrusives. The Central 
Himalayan granite is probably of different ages, largely Kainozoic 
and possibly partly Mesozoic. Beyond this is the Himalayan Tethyan 
zone composed of sediments of all ages formed in the Tethyan geosyn- 
cKne. It contains the valleys of the Indus and the Brahmaputra 
draining the northern ranges of the Himalayas, the altitude of the river 
basins being about 12,000 to 14,000 ft. 

Between the Tethyan zone and the Karakorum Mountains is the 
little known region of Tibet, containing the Aling Kangri and the 
Trans-Himalaya ranges of Seven Hedin, the latter being the real 
watershed between India and Tibet. The Karakorum range is 
roughly parahel to the Himalayas but is bent northwards 
in the Pamir region beyond which its western continuation ' is called 
the Hindu Kush. Still further north is the Kun Lua range which has 
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also been affected by the Alpiae-Hiraalayan orogeny. The Pamir 
region is a mountain knot skowing the remarkable feature of radiating 
mountain chains. 



We shall now proceed to give a short description of the structure 
of the Himalayas ‘as deciphered in the few areas in which they have 
been examined, in some detail in recent years. 
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Commencing with Kashmir, at least three major thrust zones are 
recognised in the Siwahk and Lesser Himalayan region. The southern- 
raost is the Mam Boundary Fault which usually separates the Siawhks 
from the earlier Tertiaries and older rooks. To the north of the Tertiary 
belt is the autochthonous (more correctly para-autochthonous) zone 



• ' Kg. 6. ■ (After ». N. Wadia.) ■ 

containing spdiments of all ages from the Carboniferous to the Eocene. 
These are folded and thrust over the rocks of the foreland. This thrust 
is called the Murree thrust.. Beyond this is the zone of nappes (Kashmb * 
nappes) in which at least two important thrusts are known, to be present. 


N.E. 
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SECTION ACROSS THE KASHMIR HIMALAYA TO SHOW THE BROAD TECTONIC FEATURES 

Kg' 6. (After D. N. Wadia 
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Tiie Pxe-Cambrian, Palaeozoic and Mesozoic rocks of the nappe zone 
are thrust over those of the autochthonous zone. These constitute the 
P anjal thrusts. Purther to the north is the Central or Main Hinaalayan 
Eange intruded by granites of presumably Cretaceous and Tertiary 
ages (Wadia, 1934 ; 1938 ). Fig. 5 shows the geology of the Kashmir 
region while Fig. 6 shows a hypothetical section across Kashmir. 

In the Simla region, which has been mapped by Pilgrim and West 
(1928 ; West 1934) and by Auden (1934), the Main Boundary Fault* 
separates the Middle and Upper Tertiaries from the Lower Tertiaries 
which have been thrust over them. The Upper Tertiaries, which have 
a width of over 60 miles in Kangra, become narrowed down to barely 
16 miles near Solon, south of Simla. The Tertiaries are separated 
from the pre-Tertiary rocks of the autochthonous belt by the Krol thrust 
which thus corresponds to the Murree thrust of Kashmir. Beyond this 
is the zone of nappes with the Jutogh and Giri thrusts. Further north 
is the important Chail. thrust with its Pre-Cambrian and Palaeozoic 
rocks, under which the Shali window described by West (1939) exposes 
the Shali limestones, slates and quartzites (Mesozoic), as well as Madhan 
slates (Tertiary). Nummuhtics and Dagshai beds (Miocene) have 
also been found in the above-mentioned window. Granitic intrusives 
are found in the nappe zone and along the Main Himalayan range. The 
nappe zone shows several klippen of highly metamorphosed ancient 
rocks resting on less metamorphosed unfossiliferous Palaeozoic and 
later rocks (Fig. 7). 

To the E.S.E. of Simla is Garhwal where the Main Boundary Fault 
separates, as usual, the Siwaliks from the autochthonous zone of Simla 
States (Palaeozoic) overlain by Nummuhtics and other Lower Tertiaries. 
.This zone is over-ridden by the Krol nappe (Ki-ol thrust) which contains 
rocks of various ages from the Pre-Cambrian to the Mesozoic (Fig. 8 and 
PL 1). The Giri thrust unit lies over the Krol thrust unit of the Simla 
area which is known to extend to the east beyond Naini Tal. Further 
north are the Garhwal nappes which bring, highly metamorphosed Pre- 
Cambtians and some Palaeozoics over the Krol belt (Auden, 1934). 
The Garhwal nappes, with their roots in the Main Himalayan range, 
have also transported the granites with them. Both the Krol and the 
Garhwal nappes are folded, which Auden believes (1937, p. 429) may 
be due to the resistance offered by the floor over which they moved 
southwards. Since the Krol thrust overlies the Dagshai beds, it cannot 

♦There is some confusion iu the use of the term Main Boundary BauU. It was ori- 
ginally used by H. B. Medlioott who suggested that it marked the boundaries of deposition 
of the Nummulitios firom the post-Nummnlitio rooks, or the Tertiaries from the .pre- 
Tertiaries (Medlicottj 1865, Mem. Oeol. Suro. India, in, Bt. 3, 81-84, 174). This idea 
is erroneous. The Main Boundary Fault is known to be a thrust zone which generally 
separates the post-Mummulitio Tertiaries from the pre-Nummulitios (West, 1037, Proc 
Ind. Sci.dlong. p. 205 ; Auden, 1938, Proc. Ind. Sci. OdHg. Pt. IV, p. 20.) * 
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be older tban tbe Burdigalian. The Garhwal thrusts cover the Num- 
mulitics and may therefore be also of Miocene age (Auden, 1934). Several 
tectonic windows have been found in recent years in the Lesser Himalayan 
.belt (Auden, 1937 ; 1961, figs. 4, 6). 

Nepal and the Eastern Himalayas have not been examined in detail* 
but enough is known to enable us to say that the structure is similar 
to that of Garhwal and Kashmir. In Nepal, a thrust separates the 
Middle and Upper Siwaliks from the Lower. The Tertiaries are over- 
ridden by pre-Tertiary rocks (para-schists, Palaeozoics and Kxol series) 



by another thrust, seen near Sanotar. A third thrust brings the Pre- 
Cambrian Darjeeling gneiss and DaKng schists over the above-mentioned 
zone (Auden, 1935, pp, 136-147). 

Information on Sikkim is scattered, but here also the Main Boundary 
:Pault and one or more other thrusts have been recognised. Coal-bearing 
Gondwanas are thrust over the Siwaliks in the Darjeeling foot-hills, the 
Gondwanas being in turn overlain by older rocks. Permian and Meso- 
zoic sediments are exposed in Northern Sikkim and in the Mt. Everest 
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flgion wliere a glacial boulder bed is associated witb tlie Permiaii Lacbi 
series (Wager in Euttledge, 1934, p. 333 ; Auden, 1935, pp. 147, 164). 

In tbeir important work on tbe Geology of the Himalayas, Heim 
and Gansser (1939) have reviewed the tectonics of the entire Himalayan 
belt from the plains of India to the Trans-Himalayna Range (Fig. 9). 

The Siwalik zone bordering on the Gangetic plains is thrust over 



”* * (Aioor Am Heim and A* Gansser.) 

W *■ Kalks region beW Simla. The Karewa 

upbftri a few Honsand feet on the lanks of the Hr Panial ranae 
The Sercnd Inter-glacial deposits which contain the remains of ewlir 
tool-makmg man haye . suffered uplift in North-west^riZ 
accordmg to de Terra (1937 ; also B. Sahni, 1986. pp. 10-16). m pS?; 
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of the Eastern Himalaya, especially in the Darjeeling and Bhutan regions, 
the thrust masses have advanced on to the plains, the age of the thrust 
being later than the Upper Siwalik Conglomerate {i.e., .Pleistocene). 

The Lesser Himalayas of Garhwal show at least four superimposed 
thrust sheets lying over the Nummulitics and other rocks associated 
with them. According to these authors (1939, p. 219) the thrust synclinal 
of hTaini Tal is the continuation of the Krol belt. This is thrust over 
by the gneisses, schists, etc. of the Eamgarh region and this again by 
the crystalline zone of Almora. The northern-most zone of the Lesser 
Himalaya is the calcareous zone of Tejam which may possibly represent 
the Krol-Tal succession though the rocks are much more metamor- 
phosed than the typical Krol-Tal rocks. 

After this appears the great crystalline zone of the Central Himalayas 
containing schists and ortho-gneisses invaded by huge masses of granite. 
These are thrust on top ot the Tejam zone. 

Beyond this comes the Tethyun belt containing repeated thrusts 
Heim and Gansser have called the first of these the Nihal thrust. The 
second is the Thimka Gad thrtist seen near Kuti which shows tight folds 
of Kioto limestone (Ehaetic), in the synclinal portions of which there 
appear the Spiti Shales (Jurassic). A tliird thrust appears near the 
Manshang Pass where the Silurian is repeatedly brought up against 
and over the Permo-Triassic rocks. All these are thrust over by the 
Cretaceous flysch associated with the exotic hmestone blocks of Permian 
to Cretaceous ages and basic igneous intrustives and lava flows, from 
the north-east. These exotics and associated rocks do not belong to 
the Himalayan Tethyan belt but must have come from Tibet. The 
exotic blocks belong to a facies similar to the European Triassic Daoh- 
steinkalk, Jurassic oolites, Cretaceous limestones, shales, crinoidal 
limestone and radiolarian cherts. The exotic blocks and associated 
rocks are repeated in the Shil) Chu valley and also in the Atnlang La 
and Jangbwa areas west of Raksas Tal. 


Beyond this is the sedimentary zone of the Chilamkurkiir and Eaksas 
aeries w;hich are dominantly shaly and of Mesozoic age. Still further 
north is the Darchen zone of flysch with associated igneous rocks and 
limestone blocks which might possibly represent the root zone of the 
Kumaon exotics mentioned above. But the Darchen rocks are thrust 
in a north-easterly direction — regarded by Heim and Gansser as a counter- 
thrust — over the Eocene conglomerate zone of Mount Kailas which 
here occupies a wide zone. Beyond Mount KMIas is the Trans-Himalaya 
Eange with its granites and metamorphics 
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SummarisiDg, wc may say tliat tlie following thrust zones have been 
established from south to north : — 

,1 . Imbricate- thrusts of the Himalayan border and the Simla region. 

2. Thrusts of the interior Lesser Himalayas. 

3. Thrusts of the Crystalline Central Himalayan zone in which 

Mt. Everest and Kanchanjunga are included. 

4. Repeated thrusts of the Himalayan Tethy^an zone. 

5. Thrusts of the Exotic block — flysch zone of Tibetan facies. 

6. The counter-thrust Darchen zone which may be the root of No. 5. 

The exotic block zones contain ultrabasic rocks includirg peridotites 
and serpentines, wliile the Central Himalaya and Ti ans-Himalaya 
contain large granite intrusions. These should represent the central 
and most highly disturbed belt of geosynclinal sedimentation which 
was subsequently lifted up into great mountain ranges. 

Geographically, the Himalayas terminate at Namcha Barwa in 
the east. Some think that the eastern continuation of the Himalayas 
are to be looked for in the mountain ranges of South-Western China. 
Though that region is still little known, all the available knowledge goes 
to show that, geologically, the Himalayan formations turn sharply 
southward and form the Burma-Arakan ranges which will be referred 
to here as the Burmese Arc (Wadia, 1936). The north-easterly strike 
of the eastern end of the Himalayas turns sharply to a S.E. direction 
beyond the Sadiya frontier region, then S.W. and finally South. The 
Shan region of Burma is geologically a part of the Yunnan-Indochina 
Province, and its proximity to India was brought about only in post- 
Cretaceous times. Moreover, the drainage and ridge-pattern of the 
Assam-Tibet-Burma — S.-W. China region shows a radiating arrangement 
somewhat like that of the Pamir, as pointed out on a previous page. 

2. The Burmese Arc. 

This arc commences just beyond the north-east corner of Assam and 
sweeps in a broad curve through Arakan and Andaman islands into 
Sumatra and beyond (Fig. 10). It is convex towards India but there 
is a slight concavity in the Arakan region, probably due to the existence 
of a part of the Peninsular shield under the Ganges-Brahmaputra delta. 
The southern part of the Burmese arc is largely submerged in the Bay 
of Bengal, the Andamans and Nicobars being the unsubmerged peaks 
of its ridges.^ Our knowledge of the geology of the Assam-;Burma 
border is sketchy, but it is known that the mountain ranges here are 
composed of folded Mesozoic and Tertiary rocks, intruded by granitic 
and ultrabasic rocks. In the core of this belt are Triassic and Cretaceous 
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Fig. 10. 
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rooks wkicli were folded in tlie Upper Cretaceous and also subsequently 
in tlie Tertiary. 

Two important overtbrusts — ^the Naga and the Haflong-Disang 
thrusts — and several smaller thrusts and reversed faults are known on 
the Assam side of this arc. In all cases the thrust is directed from 
Burma towards India in a N.-W. or westerly direction. 

Inside this arc, and parallel to it, is the main volcanic zone with 
Upper Tertiary to Recent Volcanoes — of the Jade mines area, Prome, 
Tharrawaddy, Barren Island, Narcondam— continuing into the volcanic 
zone of Sumatra, Java and other islands of the Indonesian archipelago. 
This zone lies at the faulted junction of the eastern border of the main 
Burma^Arakan range and the western border of the median Tertiary 
belt of Burma. Most of the volcanoes in this zone were active in Upper 
Miocene to Pleistocene times. (Chhibber, 1934, p. 284). 

The next is the median Tertiary belt of Burma which contains the 
oil fields. The Tertiary gulf which occupied this area was gradually 
filled up by sediments which are of fresh to brackish water character 
in the north and marine in the south. There are stratigraphical breaks 
in Upper Eocene and Upper Miocene and a palaeontological break in 
Upper Oligocene. The Tertiary roclcs are faulted against the more 
ancient rocks of the Shan plateau belt which lie to their east. In this 
fault zone is another line of volcanic rocks — the basic and intermediate 
lavas of Kabwet and Mand|ilay and the rhyolites of Thaton. 

The Shan belt shows Pre-Cambrian, Palaeozoic and some Mesozoic 
rocks intruded into by Pre-Cambrian and Mesozoic (presumably Jurassic) 
granites. This granite belt passes through Bhamo and Mogok in the 
north and through Tenasserim into the Malay States in the south. The 
Shan belt is geologically allied to S.W. China and Indo-China. 

3. The Baluchistan Arc 

The Geological formations in Kashmir which have a general north- 
westerly trend, bend round sharply in the region southwest of Kanga 
Parbat. This deflection is particularly well seen northwest of Poonoh, 
on the Kashmir-Hazara border (Wadia, 1931). It spreads out further 
south, a part going through Hazara into Safed Koh Mountains and 
Afghanistan and the other into the Sulaiman and Kirthar ranges cf 
the Sind-Baluchistan border and into Mekran and Eastern and Southern 
Iran (Pig. 11). In contrast with the smooth-flowing broad curve. ol 
the Burmese arc, this shows three conspicuous festoons, because of the 
“gathering up” of the strata in the Dehra-Ismail Khan and Quetta regions 
The overthrust in this arc is from the northwest and west, and towardi 
India as in the other cases. The festoons are evidently to be attributed 
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to the presence of wedges of ancient rocks, xmderlying the Indus alluvium, 
in the Dehra-Ismail Khan and Sihi-Quetta regions. On the convex 
side of the arcs lie the Murree (Oligo-Miocene) and Siwalik (Mio- 
Pieistocene) sediments, while on the cancave side lie Mesozoic sediments 
as well as Tertiaries of the fiysch type. 

In the north, in Hazara, two sedimentary facies lie side by side 
having a general south-west trend. The northwestern facies is of the 
Himalayan or Spiti type while the south-eastern (referred to fretjuently 
as the Calcareous zone) is a calcareous facies which continues into Sind- 
Baluchistan. The Calcareous zone in Sind-Baluchistan exposes Permo- 
Carboniferous, Upper Triassic, Jurassic, Cretaceous and Eocene rocks 
striking into the sea near Karachi, but soon after turning southwest 
towards Oman in Arabia. In this zone there are basic and ultrabasio 
intrusives as is the case in the Burmese arc. 

South of Quetta and west of the Kirthar range, the formations spread 
out and turn westwards, going into Southern Iran. The Tertiary rocks 
here contain intermediate and basic volcanies as well as some volcanic 
cones which were active in the Upper Tertiary (one still active). This 
region seems to have been more highly folded and faulted than the 
corresponding Tertiary belt of Burma. The productive oil fields of 
Burma have survived apparently because that region has suffered less 
disturbance than Baluchistan. 

4. Pre^Cambrian 

The Pre-Cambrians of the Himalayas belong entirely to what was 
originally the northern border of India. They consist of an earlier 
group of gneisses and schists and a later group of metamorphosed 
sediments corresponding to the Delhis and Cuddapahs. In Kashmir 
they are. called Salkhala series, Dogra Slates and Attock Slates; in the 
Simla-Garhwal region, the Jutogh and Chail series and Simla Slates ; 
in the Darjeeling region, the Darjeeling and Daling series ; in Bhutan,, 
the Buxa series, etc. In the Darjeeling area, they abut against the 
plains without the intervention of a zone of Siwaliks which may be due 
to their being thrust further south over all the younger rocks during one 
of the late Tertiary movements (Heim, 1938 ; Heim and Gansser, 1939, 
pp. 5-6 ; Auden, 1949o, p. 330). The Himalayas to the south of the 
main range are to be regarded as part of the Peninsula, though their 
relartionships are difficult to decipher because of the intense folding and 
overthrusting they have undergone. 

BejJ'ond the Central Himalayas, the Archaean and Pre-Cambrian 
are represented by the Vaikrita system (Griesbach, 1891, p. 41) consist- 
ing of schists, gneisses, limestones, quartzites, etc. and by the Martoli 
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Series (Heim and Gransser, 1939, p. 202) consisting mainly of quarzites 
and phyllites deposited as clays, sands and iqaaii in a sinking geosynclinal 
basin and considered as of Algonkian age. The Martoli series represents 
part of the Haimanta system of Griesbach, and constitntes the well 
known peaks of Nanda Devi and Nanda Kot. 

Archaean and Pre-Cambrian rocks in Burma are found in the Shan* 
'Tenasserim belt, extending into S.W. China. It is not known whether 
the Archaeans in the Sadiya tract of Assam are continuous with those of 
Upper Burma or separated from them by a zone of sediments. 


5. Cambrian 

Cambrian strata are well developed in the Punjab Salt Eange where 
they consist of purple ferruginous sandstones, shales and dolomitio 
sandstones. Saline marls with beds of salt and gypsum as well as some 
basic igneous rocks are associated with them. The fossils found include 
Redlichia^ Anomomre, Ptyclio^aria^ etc. The Cambrian development 
in the Baramula area of Kashmir and in the Spiti area of the Himalayas 
has also identical or closely related fossils. 

In Spiti and Kumaon, Heim and Gansser (1939, pp. 202-203) state 
that the basal Cambrian is formed of the Ralam series (conglomerates, 
quartzites and massive yellow dolomite) followed by the Cambrian 
Garbyang series (slaty phyllites, dolomite and calcareous sandstones 
and shales containing trilobites and crinoids). The Garbyang series is 
equivalent to part of Griesbach ’s Haimanta system as shown by Hayden 
(1904). 

Similar marine fauna with Sedlichia and AnonwcaTu is found in north* 
central and eastern Iran (Clapp, 1940). The Hormuz Series of the 
Persian Gulf region shows a great deal of resemblance to the' Salt Eange 
both ill lithology and fossils, (de Bockh, Lees and Eichardson — in 
Gregory, 1929). 

Ko Cambrian strata have been found in Burma, but rocks of this 
age with Redlichia fauna is known in S.W. China (Eastern Yunnan, 
Szechuan and the Yangtse gorge). Upper Cambrian rocks are absent 
from here, but the sea transgressed again in the uppermost Cambrian, 
bringing in a fauna related to that of the Baltic region (Lee, 1939). 

According to Du Toit (1937, p. 126), the JRedUeJm fauna of the 
Cambrian characterises a lengthy trough extending from Iran through 
the Himalaya into the Kimberley region of N.-W. Australia, South 
Australia and Tasmania, with an arm extending into Yunnan and Tonkin. 
This fauna had affinities to the North American .fauna of the same age. 
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6. Ordovician and Siinrian 

These two systems are well developed in Kashmir and Spiti, hiit not 
in the Salt Eange where the Cambrian is overlain by the Talchir tillite. 
In the Himalayan Spiti area there is a thick succession of sandstones, 
shales and limestones of Ordovician and Lower Silurian ages, while the 
Upper Silurian forms part of the Muth Quartzite which is mainly of 
Devonian age. In the region of the Shiala Pass and the Dhauli valley 
there are calcareous sandstones, red crinoidal limestones and the 
' Variegated series ’ (limestones, shales of varied colours) of these ages. 
The Variegated series occurs in the Zanskar range beyond Kumaon. 
The Himalayan fauna is rich in corals and brachio 2 :)ods but devoid of 
graptolites. Rocks of these ages occur also in S.-W. Iran. In the Shan 
States of Burma, the Ordovician and Silurian are characterised by 
abundant graptolites, but few corals. 

Ordovician strata containing graptolites and Orihoceras are found in 
Yunnan and S.W, China where there is a break in the Upper Ordovician 
and folding took place in Upper Silurian. The Burma and S.W. China 
fauna is closely allied to that of the Baltic region, while the Himalayan 
fauna shows affinities to that of N. America. 

The Lower Palaeozoic is not represented in Malaya and the Indo- 
nesian archipelago. In Australia, the Cambrian sea moved eastward 
and the . Ordovician and Silurian fauna is similar to that of S.-W. China 
and the Baltic. Orogenic disturbances took place at the end of the 
Ordovician and in Upper Silurian (David, 1950, pp. 168, 213). 

7. Devonian 

The characteristic formation of this period is the Muth Quartzite in 
the Western Himalayas in Spiti and Kashmir, where it consists of 
massive quartzite with intercalations of limestone, the quartzite being 
generally unfossiliferous. Limestones with hrachiopods and corals are 
found along a more northerly zone in parts of Nepal, Spiti, Ohitrah 
Afghanistan and Turkestan. In eastern and northern Iran, the Lower 
Devonian consists of red sandstones with gypsum while the Upper 
Devonian is marine, resembling the limestone facies of the Himalayan 
region. 

In the Shan States of Burma, the Devonian is represented by the 
lower part of the ' Plateau Limestone Fossils have been found in 
two areas, one being a marine facies (Padaukpin limestone) with 
brachiopods and corals, and the other lagoonal (Wetwin Shales) with 
mollusca. The Devonian is also well developed in South China. The 
Middle Devom|,n (Bifelian) was a period of extensive marine trans- 
gression here and in Indo-China, and is characterised by Galeeola sanialina 





■and, Spirifer tonhmensis, and the XJpper Devonian, by Spirifer verncuiU 
of the Sinospirijer group (Lee, 1939, pp. 121, 122, 124, 495). 

The Devonian is well developed in Eastern Australia where voleanism 
persisted throughout. The Middle Devonian is marine and contains 
Caloeola and Stringooephalus. In some areas plant beds containing 
Lepidocletidron and Corclaites are found. The East Australian fauna is 
related to that of Dutch New Gruinea, Indo-China, South C!hina and 
Europe. The fauna of the Kimberley basin in West Australia has also 
European affinities, though the resemblance between it and that of Dutch 
New Gruinea is not striking, which Teichert thinks may be due to difference 
of facies (David, 1950, p. 712). Teichert has recently recorded the 
presence of Middle and Upper Devonian and Carboniferous strata in the 
north-west basin of W. Australia (Teichert, 1949). 

The barrier which separated the S.-A¥. China-Indo-Ohina basin from 
the Himalayan basin in the Ordovician and Silurian seems to have 
disappeared, or largely so, in the Middle Devonian. The East and 
West Australian sedimentary basins were apparently connected to each 
■other, though complete uniformity of fauna was not attained. 

8. Carboniferous 

The Lower Carboniferous in the Spiti area is represented by the 
marine Lipak series, while the corresponding formations in Kashmir 
are the Syringothyris Limestones. The overlying Po Series in Spiti is 
•characterised by a Rhaeopteris flora in the lower part (Lower to Middle 
Carboniferous), and marine strata with Fenostella and brachiopods in 
the upper part (Upper Carboniferous). This is paralleled in E. Australia 
where there was a great erogenic revolution in the Middle Carboniferous 
attended by effusion of lavas and intrusion of plutonic rocks. 

The Upper Plateau Limestone in the Shan States of Burma shows a 
Permo-Carboniferous fauna with numerous brachiopods, Fenestella and 
Eusulinids, showing some affinity to the Himalayan and Salt Eange 
regions. Marine Carboniferous strata are known in Sumatra, but the 
plant beds in Sumatra and Malaya contain a Oigantopteris flora, which 
shows that the land connection of these was with Indo-China and 
. Cathaysia but not with India. In Sumatra and Central Borneo there 
is the Donau formation, consisting of radiolarian cherts and siliceous 
■slates and much basic lava and pyroclastics. This formation is of 
Carboniferous and Permian age. In N.E. Iran also a fauna related to 
the Himalayan one is found, composed of brachiopods, corals and 
Fenestella in the lower and middle divisions, and Eusulinids in the Upper 
division. 

There is a well-marked marine transgression in the Uralian (Upper 
Uarboniferous) in many parts of the world. In th'e Himalayas this 



traasgression overlaps strata of all ag^s from the CaiUbrian to the Carboni- 
ferous, and particularly the Muth Quartzites. The Muth Quartzites 
.are generally separated by a well marked gap from the following 
Produetus (Kuling) Shales of Permian age. The transgression was 
caused by the Hercynian revolution. The Urals, Tien-Shan, Kun-Lun 
Karakoram, Nan-Shan, and possibly also Tsin-Lin, ranges came into 
existence at this time. In Ferghana, Mushketov (in Gregory, 1929, 
pp- 177-185) distinguishes an earlier Tien-Shan phase in the Middle to 
Upper Carboniferous, and a later phase in the Upper Permian. As a 
result of this Hercynian orogeny, a great latitudinal geosyncline was 
established, stretching from the P}’Tenees and Alps to the Himalayas 
and possibly connecting through western Burma with the Banda part 
-of the Indonesian archipelago (Timor-E. Celebes) to New Guinea and 
beyond Between West Sumatra and Timor, it should have lain to 
the south of the present chain of the larger islands. An arm of this 
apparently extended into Western Australia and another into the Tasman 
■geosyncline which occupied Eastern Australia. This great Alpine- 
Himalayan geosyncline (the Tethys) persisted throughout the Mesozoic 
and was gradually dismembered during the Tertiary by the Himalayan 
orogeny. India at this time was part of Gondwanaland and lay much 
further to the south. 


9. Permian 

The transgressive marine Uralian passes upward into the Permian, 
the Uralian and the passage beds being often referred to as Permo- 
Carboniferous. As we have already seen, Uralian marine beds occur in 
Spiti and S.W. China. In the Salt Range, the Talchir tillite of Upper 
Carboniferous age is overlain by beds showing impressions of Glossopteris 
and spores of pteridosperms, and these by marine beds containing 
Eurydesma and Femstella. These are followed by thin beds with Conularia 
and brachiopods. Similar Permo-Carboniferous beds are known in the 
Kolyma Province of Russia and also in Australia and South Africa. 
Another facies of these strata in the Salt Range is the Speckled Sand- 
stone, though both the facies are often referred to as the ‘ Speckled 
Sandstone Group ’. They are succeeded by the Produetus Limestone 
■Group, extending from the Artinskian to the uppermost Permian, ^he 
Produetus Limestone facies is well developed in the Urals, Alps and 
■Sicily. • 

In Kashmir, the Hercynian revolution brought about land conditions 
in some parts, and lavas and agglomerates (the Panjal volcanics) were 
erupted, commencing from the Upper Carboniferous and lasting up -to 
the Upper Triassic. The pyroclastics are intercalated with slates con- 
taining a Glossopteris flora, .fishes and amphibians. These Lower 



Permiail Agglomeratic Slates ’ sire dverlaia in. some areas by marine 
beds (Zewan beds) of Middle and Upper Permian age. 

Tbe mariae Permian Piodnctns Shales of Spiti continue eastwards. 
' In the Mount Everest region and Sikkim, they are represented by the 
Lachi Series which is underlain by the Mt. Everest Limestone (so named 
as it occupies the peak) of Carboniferous to Permo-Carboniferous age. 
The Everest Pelitic Series below this is Carboniferous or earlier, and is 
profusely invaded by granite whose age has not been determined (Wager 
1939). 

In the Simla-Garhwal region south of the main Himalayan range 
the Blaini boulder beds are considered to be the equivalents of the 
Talchir tdlites. They are overlain by the Infra-Krols (slaty shales 
and quartzites), the Krols (shales and limestones) and the Tals (shales 
and quartzites) which contain some indeterminable molluscan fossil 
fragments. These beds, which appear to have been laid down in shallow 
and perhaps land-locked waters near the margin of the Tethys, may 
represent the Permian and the Lower Mesozoic. 

The uppermost part of the Plateau Limestone of the Shan States 
(Brnma) contains Permo-Carboniferous fossils which are said to show 
some degree of affinity to those of the Salt Range. 

Eastern Australia with its Eurydema and Conulana-h&&xmg beds 
shows close affinity to the Salt Range region only in the Permo-Carboni- 
ferous when the Tasman Geosyncline was connected with New Guinea. 
But the resemblance beases from the Artinskian, probably because the 
geosyncline might have been cut off by a barrier in the region east of 
Queensland (Bavid, 1950 p. 712). On the other hand. West Australian 
Permian fauna is ihore closely related to that of Timor, the Tothyan 
geosynch'ne and the Urals (David, 1960, pp. 374, 379, 398) than to the 
East Australian. According to Cowper Reed (1944), the affinities of 
the Salt Range fauna with the Russian Province became particularly 
strong from the Artinskian onwards but, mingled with the common 
fauna there is a local or endemic element in the Salt Range. 

The rich marine Permian fossil assemblage of Timor, Letti, Tanimbcr, 
Ceram, Boeru and East Celebes (continuing into New Guinea) is closely 
aHied to the Tethyan fauna. This geosynclinal belt, called the ‘ Banda 
geosyncline ’ by Umbgrove (1949, p. 36 and fig. 46), was in existence 
until the Laramide orogeny temporarily raised it up, after which, 
especially from the Oligocene onwards, the fauna became strongly 
Indo-Pacific, in common with Sumatra and Java. The Banda geosynehne 
was probably connected with the Tethyan through the border of Australia 
and through the Andamans and the Burmese arc, for there is lillle or 
no similarity in Mesozoic geology between the Banda arc and that to its 
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west whicli includes Stimatra, Java, etc, Tlie earliest rocks seen in 
the Burmese arc (Axi§,l system) are thought to he of Triassic age but we 
may expect the Permian also to be present underneath. 

The Donau formation in Borneo, and its equivalents in Sumatra and. 
Malaya, consist of radiolarites and volcanics (Pahang volcanics),. 
occasionally intercalated with plant beds. Umbgrove (1949, p. 36) 
thinks that there were numerous volcanic islands in this region in the 
Permo-Trias and that the sediments were derived from the east or 
northeast. These volcanics extend from the Carboniferous to the 
Triassic. Marine Permian strata, though known to be represented in 
Malaya, are not wide-spread. 

In South China, the Tsin-Lin geosyncline was compressed and folded 
in the earliest Permian. This was accompanied by lava flows in Yunnan 
and Kweichow. Several shallow basins came into existence and the 
Middle Permian shows coal seams with Qigantopteris flora. The marine 
facies, containing Productus, OMhamina^ Lyttonia, etc., has aflB.nities. 
with the Himalayan and Salt Range areas, the Upper Permian being 
rich in mollusca as in the Salt Range, 

Coming now to the west of India, we find that in western Kashmir 
and Hazara there is a group of phyllites, quartzites and quartz-schists 
(the Tanawal series) overlying the Dogra Slates, and they may represent 
some part of the gap between the Cambrian and the Permian. They 
are overlain by the Tanakki boulder-bed which is followed by sandstones 
and shales and by 200 ft. of unfossiliferous massive limestones the 
Great Limestone ’’). This assemblage, called the Infra-Trias, is probably 
all of Permian age, especially as it is, in places, intercalated with the 
Panjal volcanics. To the south of the Salt Range, the Baluchistan arc 
contains some Permo-Carboniferous strata with Productm and other 
fossils. 

Far down to the south, in Madagascar, we find tillites of Upper ’ 
Carboniferous age followed by Glossopteris-heBjmg coal measui’es. 
There are no lower Palaeozoic rocks, as the tillites directly overlie Pre- 
Cambrian rocks. Above the coal measures are poorly fossiliferous 
Lower Permian rocks in the southwestern part of the island, but these 
are not represented in East Africa. The Lower Permian is succeeded, 
after a break, by the Upper Permian, which occurs on the mainland in 
the Tanga area and contains fossils which are common in the Salt Range. 
Since the rocks of Madagascar have a great resemblance to those of Kenya 
and Tanganyika, it is thought that Madagascar originally lay close to 
this {iart of East Africa. A rift between Madagascar and East Africa 
should therefore have developed in th^ Lower Permian, the sea invading, 
this region from the north. 
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f On the eastern side of .Arabia and just south of the Persian G-ulf is 
: the Oman region, which is a structural unit alien to Arabia and belongs 
really to the South Persian basin of sedimentation. Suess considered 
the Oman ranges to be a virgation of the Zagros mountain system. 
Arabia (excepting Oman) is an ancient stable block practically free from 
mountain building movements since the Cambrian. It consists largely 
of gneissic rocks whose grain is roughly hT-S or NiNW-SSB as is also the 
case in Eritrea. On its west is the Red Sea rift which continues north 
into the Jordan Valley and the Dead Sea. This rift may have boon 
formed in the Triassic or early Jurassic, for Triassic rocks are known in 
Eritrea and Jurassic rocks in the centre and along the southwest coast 
of Arabia. Roughly parallel to the Red Sea coast is the rift and sunken 
land of the Persian Gulf and the Euphrates Valley, which are of recent 
origin. 

In the Oman region, there is only a small area exposing Cambrian 
rocks (Hormuz series) similar to those of the Salt Range. They are 
overlain by pre-Permian phyllites and by Permian, Jurassic, Cretaceous 
and Eocene sediments. All the rocks, up to and including the Lower 
Cretaceous, are invaded by the Semail igneous suite which are mostly 
basic in character, but include also serpentines, granites and diorites 
which must have been emplaced in the Middle Cretaceous (pre-Gosau or 
pre-Maestrichtian) according to De Bockh, Lees and Richardson (in 
Gregory, 1929). 

The pre-Permian rocks of Oman contain hmestones, shales and 
intercalated lavas, the associated fossils being indeternjinable. On the 
southwest side there is a quartzite formation, also pre-Permian. These 
are succeeded by dark limestones of Perrpian age containing fossils 
closely related to those of the Middle Productus beds of the Salt Range. 
In Central Oman, there are sheared limestones containing a different 
fauna. These are followed by Triassic rocks. 

In the Elburz mountain and Gulshan regions in Eorthem Iran 
Permian rocks having affinities with those of the Himalayan region are 
known (Clapp, 1940). 


10. Triassic 

The Triassic is well developed in the Spiti area and consists of the 
Chocolate series (Scythian), the Kalapani Limestone (Anisic, Ladinio, 
Carnic), Kuti Shales (Horic) and the Kioto Limestone (Rhaetio), The 
uppermost portion is a massive limestone (MeffaJodon or Kioto Lime- 
stone) which is mainly Rhaetie and partly Lower Liassic. The deposits 
in Kashmir are also similar. 
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In the Burmese arc the Triassic is represented by the lower part of 
iibe Axial system, which may be Upper Triassic. But these formations 
have not been investigated in any detail. In the Shan States there is a 
hiatus between the Plateau Limestone (Lower or Middle Permian) and 
the Ehaetic, which latter is characterised by shallow water deposits 
containing gastropods, lamellibranchs and corals. In the Bed Basin "of 
Szechuan, the Lower Triassic is a dolomitic limestone associated with 
rock-salt. But in Yunnan, marine fossils with Tethyan affinities are 
found. The sea receded in the Upper Triassic when mountain building 
movements affected China and Indo-China, Borneo and West Celebes. 

In Mala_ya, Sumatra and Borneo, the Triassic includes marine deposits 
other than the radiolaria-bearing cherts. But a full succession with 
rich marine fauna of Tethyan affinities is developed in the Banda 
geosyneline. Triassic rocks have not so far been recorded from New 
Guinea. East Australia was a land of lakes during this period and 
the deposits contain a Thinnfeldia flora which replaced the Glossofteris 
k flora more or less completely. In west Australia also, the geosyneline 
had receded to the west and land conditions prevailed. 

In Kashmir, the full Triassic succession is met with in the Sind-LidaJ^ 
valleys, central Ladakh and the Pir Panjal, but only the Upper Triassic 
is seen in the north-west and in Hazara. Here, the Lower Triassic is 
represented by the Panjal volcanics. Eurther south, in the Salt Eange, 
the Lower Triassic and the lower part of the Middle Triassic are seen, 
but still further south, only the Upper Triassic is developed. In the 
■Zhob-Pishin (Quetta) region of Baluchistan the Upper Triassic occupies 
an area 70 miles long (E-W) and 10 to 12 miles wide. 

Except for local development of the marine Triassic, Madagasca’’^ 
shows mainly lacustrine and continental deposits (Isalo Sandstone). 
Land conditions prevailed also in parts of E. Africa, and in Central and 
South Africa. In may areas in Gondwanaland the Upper Triassic is 
transgressive over the Lower or Middle Triassic (Dixey, 1935), while the 
cIos,o of the period is characterised by extensive volcanism in the southern 
part of Africa. 

In the Oman region of Arabia, Upper Triassic rocks overlie the 
Permian unconformably. They are composed of yellow sandstones, 
shales and thin limestones with mainly molluscan fossils. In S.W. 
Iran also the Triassic unconformably follows on the Permian, but the 
deposits contain a larger variety of fossils as in the Bimalayas. In 
.North Iran again, the Lower Triassic is missing and the Upper Triassic 
is a massive limestone characterised by bracliiopods, gastronods and 
lamellibranchs {Daonella, PseiidomonoUs, Megahdon, etc.), but few ceph- 
■alopods recalling the conditions in the Himalayas, 
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The land conditions in th.6 Lower Triassic, especially in the areas- 
bordering the southern arm of the Tethys and in Madagascar and East- 
Africa, indicate a marine regression probably resulting from the widening 
of the Arabian Sea -Mozambique Channel rift. This was followed by a 
transgression in the Upper Triassic. 

11. Jurassic 

In the Spiti area and hT.W. Kumaon, the marine Megalodon Lime- 
stone continues without interruption into the Laptal series of Liassio 
age, characterised by layers of broken shells (lumachelle). This i» 
overlain by a conspicuous oolitic bed of Callovian age known as the 
Sulcacutus bed which is a well-marked horizon, but the junction is 
marked by a discontinuity. The Callovian bed is followed by another 
discontinuity extending up to the Oxfordian or Kimmeridgian, when 
the ‘ Spiti Shales ’ began to be deposited. The same is the case in the- 
Ladakh area of Kashmir also. In some places the Callovian uncon- 
formity extends up to the top of the Jurassic. 

Jurassic rocks continue eastwards to Sikkim and occupy a large area 
in Tibet. On the Tibetan frontier of Kumaon. (Punjab Himalaya), in 
the Chitichun — Kiogad area, there are large isolated masses of lime- 
stone resting on and surrounded by Cretaceous flysch sediments and 
andesitic and basaltic lavas and intrusives. These limestone blocks 
have yielded marine fossils of Permian, Triassic, Jurassic and Cretaceous 
ages and are of a facies different from that of the Spiti rooks, but closely 
resembling the Dachsteinkalk and the Hallstatt marble of the Eastern 
Alps. These are the ‘ exotic blocks ’ of Malla Johar described by Uioner 
(1898) and by Von Krafft (1902). It is thought that these blocks were 
brought to their present position from the north either by floods of lava * 
of Cretaceous age or by thrust-sheets or nappes. Heim states (1937, 
p. 446) that the ‘ exotic ’ region is the result of weathering of the thrust 
sheets derived from Tibet and that the Triassic rocks of the Kiogad 
peaks were noticed by him to extend for an tmknown but large distance 
to the north-east. Heim and Gansser (1939, pp. 160-161) have given 
reasons to show that the exotic blocks and associated rocks are the 
remnants of great thrust-sheets which have travelled south-westwards 
from Tibet and include rocks of both Himalayan and Tibetan facies. 
The roots of these are in the similar zone of exotics of Dacchen region 
south of Mount Kailas. In the Mt. Everest region, the facies is similar’ 
to that of Spiti ; but in the Lesser Himalayas of Garhwal a part of the 
Infrakxol-Krol-Tal succession, which is either practically unfossiliferous 
or contains only fragmentary fossils, may be of J'urassic age. 

The presence of Jurassic rocks has not been definitely recorded in the- 
Barmese arc, bu't the A'sial system and associated strata should. 
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•reasonably be expected to include these as they have been proved to 
'Contain both the Triassic and the Cretaceous. 

The Namyau beds (red sandstones, shales and limestones) of ISTorthern 
Shan States are of Bathonian age while the Loi-An. beds of Southern 
Shan States contain Jurassic plants and coal seams. In Tenasserim on 
the Siam border, there are red sandstones, etc., lithologically similar to 
the Jurassic of Northern Shan States, Siam and Tonkin. The Shan area 
is connected through Yunnan to the Szechuan Bed Basin near which 
fresh-water deposits with coal seams occur. 

The end of the Jurassic was marked by the late Cimmerian erogenic 
• activity in China, which raised up the Yen-Shan and Cathaysian ranges. 
It also affected Borneo, west Celebes and Malaya. The granites of 
Malaya, Tenasserim, Siam and Burma are generally assigned to this age 
(Scrivenor, 1931). 

The Banda geosyncline as weU as New Guinea show Jurassic rocks. 
In the latter,- the Jurassic appears to be all post-Callovian. 

In West Australia there are lacustrine sediments -with plants of 
-Baimahal age. Marine transgressions occurred in the Middle Jurassic. 
A fauna of Tethyan af&nities of Bajocian age has been found near 
Geialdton, and of Oxfordian age from boreholes at Broome (Teichert, 
1940 ; 1947). 

Coming now to the western side of the Tethyan geosynchne, we find 
two facies lying side by side in Hazara. The, northwestern facies (the 
Kioto Limestone — Spiti Shale type) shows a break between the Batho- 
'.nian and Oxfordian but the strata above the Oxfordian seem to be 
■ unfossiliferous -until we come to the Albian (Cretaceous). 

The Middle and Upper Jurassic are developed in the Salt Range. 
In the Samana Range, the Lower Jurassic is succeeded by the Upper 
■Jurassic, with a break between the CaUovian and the Oxfordian. In 
Eastern Baluchistan, the Liassic beds are succeeded by massive limestone 
which indicates deposition up to the Callovian. After this theie is a break 
until the Neooomian. 

Marine limestones and sandstones are seen in the Jaisahner and 
Bikaner areas of Rajputana, ranging up from the Callovian. The full 
extent of these beds is not known, beiu^ partly hidden by desert sands. 

In Cutch, on the western coast of India, there is a fine, development 
of marine Jurassic strata ranging from the Bathonian to the top of the 
Jurassic and extending to the Aptian, with intercalations of plant beds 
■of Neocomian age. It is thought that the basin of sedimentation deepened 
gradually as sedimentation went on. The fauna is rich in cephalopods, 
..■allied closely to those of the Salt Range and the Himalayas (Spath, 
1933). Marine .Turasaics are not exposed in central or western India 
"though fluviatile and lacustrine Upper Gondwanas are found. 
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Jurassic sedimeiits were laid down also at some places on tlie eastern, 
coast of India where plant-bearing beds are associated with shallow-watei 
marine beds. Some poorly preserved ammonites from these beds have 
been assigned a Neocomian age by Spath (1933, pp. 827-829). In the 
Kajmahal area, at the head of the Ganges delta, a few plant beds are 
associated with 2,000 ft. of basic lavas, while basic and ultrabasic dykes 
of the same age traverse the coal-bearing Barkars of tlie eastern coal- 
fields. Lava flows, presumed to be of the same age, are also seen, in the 
Assam Plateau and in the Abor Hills in the Eastern Himalayas. 

It will be clear, therefore, that the eastern coast of India definitely 
took shape sometime during the Jurassic period or towards its end, wliil© 
the Cutch-Southern Rajputana region was inundated by tlxo sea in the 
Bathonian and CaUovian. 

An interesting fact to which reference may be made is that, wliile 
there is a sedimentary break from the CaUovian to the Oxfordian or 
Kimmeridgian in the Himalayas and in the Baluchistan arc, sedimen- 
tation commenced in Cutch in the Bathonian and proceeded um'ntoirupted 
until the Aptian. In Rajputana also, so far as known, there was sedi- 
mentation from the CaUovian to the end of the Jurassic. Hence, in the 
CaUovian, while the sea temporarily regressed from the margin of the 
main Tethyan basin, it transgressed over Rajputana and the western 
coast of India. 

Jurassic rocks are well developed along the coast of Madagascar and 
East Africa and also in Somahland, southern coast of Arabia and Central 
Arabia. In Bast Africa, however, they have not been fomid south of 
Lindi (Du Toit, 1937, p. 124) which probably shows that the Mozambique 
rift had not opened up beyond this in the Jurassic. The marine fauna of 
these areas is similar to that of Cutch. During the Middle Jurassic there 
was folding in Madagascar along a N-S axis, accompanied by faulting, 
which according to Du Toit (1937, pp. 123-124) was due to an anti- 
clockwise twist and movement of the island. The Rift Valleys of East 
Africa may have been formed also at this time. 

In the Oman region, the Tipper Triassic is overlain by the Mussandam 
Limestone, 6,000 ft. thick, containing Neocomian fossils at the top and 
therefore mainly of Jurassic age. In Southern Iran, the Lower Jurassic 
is non-marine but the Middle and Upper Jurassic are closely related to the 
strata of Cutch and the Salt Range. 

12. Cretaceous 

Cretaceous strata occupy large areasjin the Himalayas and Tibet^ 
In Spiti the Lower Cretaceous is represented by yellow glauconitic sand 
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stones and slaty quartzites called the Giumal Sandstone, the youngest 
part of which is Albian. They are overlain by the Chikkim series — ^grey 
and white limestones and shales — containing Belemnites, Hip;f.untes, 
and foraniinifera. Above these are fiysch-type sediments. The Hima- 
layan Cretaceous (especially the Lower and Mddle Cretaceous) strata 
show evidence of a shallowing of the sea and a distinct change in fauna,, 
because of the invasion of Mediterranean fauna probably through Syria 
and Southern Iran. The shallowing may be attributed to the withdrawal 
of water from the TetLjan basin to the Indian Ocean due to the breaking 
up of Gondwanaland and to momitain- building movements which took 
place during the Middle Cretaceous in parts of the Tethyan basin. There 
are no Tertiary strata Imown in the Spiti-Kumaon region. 

In Malla Johar, Lower Cretaceous shales are ovei'lain by flysch sedi- 
ments. These include black flysch, red and green sihceous deposits and 
radiolarian oozes of late Cretaceous age, deposited in deep sea under 
geosynclinal conditions (Heim and Gansser, 19-39, pp. 213-214). They 
are associated with volcanic breccia and some intrusions which are over 
1 ,000 ft. thick, and in which huge blocks (exotic blocks) of fossiliferous 
marine rocks of all ages from the Permian to the Cretaceous lie pell-meU. 
Those volcanics are of Upper Cretaceous age. Passing on to Kampa 
Dzoug in Tibet, we find a full Cretaceous sequence, but it is not clear 
whether there is a break below the Cenomanian, for the pre-Cenomanian 
limestone is unfossiliferous. The Cenomanian and later strata are fossili- 
ferous and pass upwards into the Eocene. 

In the Burmese arc, Cenomanian and Upper Cretaceous fossils have 
been found both in the Axial System and in the Isfegrais series in the 
Arakan region. These include species of Schloenbachia and Acantho- 
ccras charact eristic of the Cretaceous of Triclnnopoly, Madras. It is 
not known to what extent the Lower Cretaceous rooks are represented. 
At several places along this belt, peridotites and serpentines of Upper 
Cretaceous age are found — Jade Mines area, the Naga Hills, the Manipur 
Hills, Arakan region, and the Andaman-Nicobar Islands {see p. 74). 
OrhitoUna-heaiing limestones are found in Upper Burma while Upper 
Oi'ebaceous red beds occur in Southern Shan States. Similar red beds 
are found in Szechuan in S-W China. 

Malaya remained a land area during the Cretaceous while Borneo 
and Western Celebes contain Cretaceous sediments laid down during 
the Cenomanian and Senonian transgressions. Sumatra and Java also 
show Cretaceous rocks in some places. 

The Banda geosynclinal belt continued to receive marine sediment 
throughout the Cretaceous. New Guinea also contains Cretaceous 
sediments, but it is not known whether any of these is younger than the 
Cenomanian (David, 1950, p. 670). The Banda geosyncline and New 
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Cruinea were severely folded and raised temporarily above the sea in 
laramide times. This movement affected also Sumatra and Java but 
the Borneo-West Celebes region lying to the north of the geosyncline was 
only mildly affected. 

Marine beds are developed in West Australia from the Aptian onward 
and the fauna is closely allied to the Cretaceous of Trichinopoly in Madras,^ 
of Assam and of Madagascar. That is to say, the West Australian goosyn- 
eline was directly connected to the Bay of Bengal in the Aptian and the 
already weakening Tethyan faunal element was swamj^ed by the Indian 
■Ocean fauna. 

Marine Cretaceous strata are found in the Trichinopoly district of 
Madrss and on the Assam plateau. In the former, sedimentation began 
in Upper Albian and continued into the Eocene. On the Assam pla.teau 
the Cenomanian beds lie over the Archeans and they must originally have 
occupied a large area, as shown by the scattered outcrops. Beds with 
similar fauna occur also on the eastern and western coasts of Madagascar 
in Tanganyika and Mozambique. This sea extended southwards 
into Argentina. The occurrence of reptilian remains of closely allied 
species in India, Madagascar and Argentina indicates, according to Du 
Toit (1937, p. 124), that India and Madagascar were coimected together 
until the Middle Cretaceous, for it is only in the Middle and Upper Creta- 
ceous that marine sediments were laid down on the east coast of Mada- 
gascar. At about the same time, some Mediterranean faunal elements 
entered the Indian Ocean. India and Arabia then began to drift north- 
‘eastwards as a result of which the sediments of the Oman and Tethyan 
xegions were subjected to folding in the Middle Cretaceous. 

The north-eastern coast of Africa is marked by the Eivu-Mombasa 
.and the Lindi-Mafia-Zanzibar faults which converge together (Du Toit, 
1937, p. 126). As already indicated, they may have been develoi)ed 
gradually from the Upper Permian onwards. The dyke swarms of 
Eastern Madagascar and some of the volcanic rocks associated with 
"the Rift system of E. Africa are thought to be of Cretaceous age. 

In the Astor-Burzil region of Kashmir, Cretaceous sediments are 
intercalated with basic voloanics and intruded by serpentines, pyxo- 
xenites and granites. In the north-western zone of Hazara, there is a 
•sedimentary break above the Albian and again at the base of the Eocene. 
'The Calcareous zone (south-eastern) shows a similar break above the 
Albian but the break is said to continue into the Lower Eocene. This is 
repeated in the Salt Range where, however, Maestrichtian foraminifera 
have recently been found in strata which were regarded as Jurassic (Eao, 
•S.R.N. and Tripathi, 1960). The unconformity in the Calcareous zone 
of Balucliisfean may therefore be taken to extend from the Albian to the 
■SSenonian. The Cretaceous fauna includes Imcefamm and Rudistids, 
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indicating admixtuie witli Mediterranean elements. The Upper Creta- 
' ceons is intercalated with basic volcanics and intruded by peridotites and 
serpentines with chromite deposits in the Hindubagh area near Quetta. 

Cutch shows continuous marine sedimentation from the Jurassic up 
to the Aptian, after which there is a break, followed by the Deccan Trap 
flows, and these by Lower Eocene. In the Narbada Valley in Western 
India, Cretaceous strata begin only with the Cenomanian and continue 
into the Eocene. The fauna of these strata is more allied to that of 
Baluchistan and Arabia than to that of the eastern coast, though there 
are somta common elements. 

In Eastern and Northern Iran there is generally an unconformity in 
the Aptian-Cenomanian. An Aptian overlap is seen in South Central 
Iran and the strata from the Cenomanian upwards are mainly limestones 
• containing Rudistids, Trigoniae, etc. The upper Cretaceous is charac- 
terised by lavas (rhyolites, porphyries and basalts) overlying the Hippurite 
limestone. These are followed by Maestrichtian and Eocene strata. 

The Jurassic to Neocomian Mussandam Limestone of Oman is 
succeeded, after an unconformity, by strata of the Hawasma series 
■ consisting of sandstones, Rudistid limestones and red and green radio- 
larites associated with thick lava flows and intrusions of granite, diorite 
. and peridotite (the igneous rocks being called the ‘ Semail group’). The 
Jurassic fauna of Arabia is related to that of Cutch and the Salt Range 
but not to that of Syria and Sinai ; on the other hand, the Cretaceous 
fauna shows resemblances to the latter areas through which the Medi- 
terranean elements must have entered the Indian Ocean. 

The Oman region is highly folded and contains peaks as high as 
10,000 ft. The range in the north runs NNW-SSE but turns south towards 
Masirah and Ras Madraka where the rocks rim into the sea in a W.S.W. 
direction. The period of folding is pre-Maestrichtian (pre-Gosau) 
according to De Bockh and others (Gregory, 1929). There is little doubt 
that the rocks of the fold belt turn east and northeast after entering the 
. sea, to join up with the Baluchistan ranges. The period of folding may 
be represented by the stratigraphical gap of the Aptian-Cenomanian 
which extended up to the Maestrichtian in Oman and to the Campanian 
in Beluchistan. It would appear that the folding movements continued 
into and affected the Baluchistan arc. As the Jurassic-Aptian succes- 
sion in Cutch is also folded before the Deccan Traps were erupted late in 
the Upper Cretaceous, it might also have been folded at the same time — 
i.e., in the Middle Cretaceous. That the Cretaceous folding movements 
affected the Baluchistan arc and even part of the Himalayan Tethyan 
basin finds support in the presence of Upper Cretaceous ultrabasic and 
other igneous rocks at some places in Baluchistan, Kashmir and the 
Belts of exotic blocks of Kumaon and Tibet, 
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On the other side of India, in the Burmese and Banda arcs and in 
New Guinea, mountain building took place in Laramide times, when the 
Burma-Assam sea was divided into two gulfs separated by the newly 
risen Assam-Arakan ridge. The Middle Cretaceous movement in tbo 
Baluchistan arc and part of the Tethyan basin in the Himalayas should 
therefore be treated as the earliest of the Himalayan movements which 
had full play in the Tertiary. In accordance with the theory of Conti- 
nental Drift, the Middle Cretaceous should be the time when the 
north-eastward drifting India encountered and began to crumple up the 
Tethyan geosynclinal basin. 

It has already been stated that the Oman region does not belong to 
the Arabian mass but is really a geosynclinal area subjected to mountain 
building movements in the Cretaceous epoch. Arabia was severed from 
Africa probably in the Upper Triassic, since Liassic sediments are known 
along the southern coast of Arabia. In its north-easterly drift, Arabia 
encormtered the Omfin basin, just as the Indian shield came up against 
the Tethyan basin. The Cutch-Narbada valley area was a minor basin, 
on the border of India, which also suffered folding as a result of the same 
drift. 

13, The Deccan Traps* 

The Deccan Traps now occupy some 200,000 sq. miles and must 
have formerly covered a more extensive tract, probably twice the present 
area. They are regarded as having been erupted from numerous fissures 
in the crust during a period of tension. They are estimated to have a 
thickness of over 6,000 ft. near the Western Coast (Oldham, 1893, p. 262), 
but much less in other areas. They must originally have extended 
also for an unknown distance to the west of India but that part was 
faulted down in or about the Miocene. 

Geologists in India generally include the basic lavas on the Sind- 
Baluchistan border with the Deccan Traps, but as they are in the fold- 
belt of the Baluchistan arc and occur as intercalations in Upper Cretaceous 
strata, it would be better to exclude them from the Deccan Traps proper. 

In Cutch, Kathiawar and Gujarat, the Traps appear to bo of the 
uppermost Cretaceous to the earliest Eocene age. In Catch, where they 
are 2,500 ft. thick (Wynne, 1872, p. 60), they have been exposed to sub- 
aerial weathering and denudation, with the alteration of the topmost 
layers to laterite before the Nummuhtic Laki Series (Upper division of 
Lower Eocene) was deposited over them. Blanford (1869, p. 62) has 
stated that near Tarkeser in Broach (Gujiat) there is an unconformity 
between the Traps and the Lower Eocene, and that the latter contains- • 
pebbles and detritus derived from the former (Oldham, 1893, p. 282). 

* The Deccan Traps, confined to the Peninsular region, are discussed hero for des* 
criptive convenience. 
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In. the rest of the area occupied by the Traps, they are considered to be of 
Eocene age from the study of plants, fishes and foraminifera found in 
the Inter-trappean sedimentary beds (B. Sahni, 1940 ; Hora, 1938). 

There are several eruptive centres in Kathiawar and the Narbada 
Valley, from most of which acid volcanics have been erupted while two of 
them contributed plutonic intrusives also. They are roughly aligned 
BNE — ^WSW in the Narbada Valley but the line connecting the centres 
curves towards the WNW in Kathiawar. The age of these eruptions 
must be later than that of the main mass of the Traps. 

Dyke clusters are confined mainly to two rectilinear zones — one 
along the Panvel flexure parallel to Bombay coast, and the other along 
and parallel to the Narbada rift — and to an elHptical area around Amreli 
in east-central Kathiawar. The first two are connected with fold or 
fracture zones while the third is supposed to be a domed up area in which 
peripheral and radial fractures played an important part in the formation 
of dykes. They have been described recently by Auden (1949). The 
dykes are mostly later than the Traps though there must be many, in 
these and other areas, which acted as feeders to the Trap flows. 

The Traps were erupted and spread over an uneven pre-existing 
topography. Their base is now found at different levels above or below 
sea level : at 2,000 ft. above sea level at Belgaum ; 1,000 ft. near Nagpur ; 
at 1,600 ft. on the flanks of the Maikal range ; at 2,500 ft. south of Sohag- 
pux and in the Eanchi Plateau ; and at or over 3,000 ft. in Jashpur 
(Auden 1949, p. 321). 

But at some places near Bombay, in the Narbada Valley and in 
Kathiawar, their base lies 500 to 1,800 ft. or more below sea-level, as a 
result of folding and faulting. 

They lie with a profound unconformity on all pre-existing rocks and 
sometornc their margin may be seen transgressing over a series of forma,- 
tions as in Southern Eajputana, Central India, south of Pachmarhi and. 
Sohagpux, etc. They must originally have extended at least as far 
east as East Longitude 86°. In some areas, the Gondwanas over which 
they lie have been folded before they were erupted and it is possible that 
the period of folding was the Middle Cretaceous which affected the Cutch 
area and which possibly extended into the Narbada-Son Valley. 

The Traps have themselves suffered folding and faulting at a later- 
date. Gentle warping has been noted in the Traps of Chindwara by 
Eermor and Fox (1916, p. 81), In Rajpipla in Gujarat, at the western 
end of the Satpura mountains, the Traps are sharply folded along ENE — 
WSW axis and dips of 20° have been noted (Blanford, 1869, p. 57). 
E’olding is well seen along a zone bordering the Narbada Valley in the- 
Central Provinces (Crookshank, 1936, p. 265, etc.). The Panvel flexure,^ 
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which, extends from Panvel (18‘’59' : 73°07') to Kalyan near Bombay 
in a S-N direction and then tains NiTW to the coast near Daman, is a 
iponochne, the western limb of which dips at 10° into the sea. In south- 
eastern Kathiawar the Traps show dips of 10° towards the southeast 
while in Cutch they have been folded into well marked anticlines and 
synclines. In most other areas the flows are practically horizontal. 
‘The period of folding may be either the end of the Eocene or the Middle 
-Miocene. 

Faults are known to have affected the Traps in some places. The 
south side of the Narbada rift has been faulted down some thousands 
•of feet (Crookshank, 1936, pp. 261, 265, 286) in relation to the Traps on 
the Pachmarhi side. The EUichpur fault running by the side of the 
■Oawilgarh Hills shows a downthrow of a rninimuim of 1,800 ft. and a 
maximum of perhaps 4,000 ft. (Fermor, 1930, p. 409). There is a post- 
Trap fault to the north of the Satpuras of the Pachmarhi area (Crook- 
shank 1936, pp. 276, 287). The Bombay coast is itself a fault scarp of 
probably Miocene age, the dewnfaultmg being of the order of 6,000 — 
7,000 ft. The different faults may have originated at different times. 

The AravaUis must have been cut across along the Narbada region 
(and probably across to Cutch) in the Middle or Upper Carboniferous, 
•thereby enabling an arm of the sea to reach Umaria in Lower Permian 
times. This remained a zone of weakness afterwards, for folding and 
faulting continued to affect it until geologically recent times. The 
basin of the Puma tributary of the Tapti shows Pleistocene sediments 
■containing salt water to a depth of at least 120 ft. which is thought 
to be due to the sea extending here during the Pleistocene (Oldham, 
1893, p. 401). 


14. Eocene 

The Tertiaries of the Himalayan region can be divided into three 
periods of sedimentation, each culminating in an erogenic movement. 
The three periods are the Eocene, Oligocene to Middle Miocene and 
Upper Miocene to Pliocene. The corresponding formations are the 
Eocene, the Murree and the Siwalik. The orogenic activities 
at the end of each of these periods are generally referred to respectively 
as the first, second and third phases of Himalayan upheaval. There is 
reason to believe that there was an earlier movement in the Middle or 
Cretaceous as mentioned already, and later movements in the 
Pleistocene and sub-Eecent times (De Terra, 1936). The history of the 
Burmese Tertiary is roughly similar to that of the Western Himalaya, 
but a difference is discernible in the Assam Tertiaries formed in the gulf 
which existed to the west of the Burmese arc. In the Barail 

and Jaintia series extends from early Eocene (or even Upper Cretaceous) 
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to the Middle OligocerLe, when a wide-spread nnconformity occurs. 
The succeeding Surma series and Tipam series are roughly Ohgocene to 
Lower Miocene and Middle Miocene to Upper Mocene, respectively. 
A second important unconformity occurs in the Upper Miocene, succeeded, 
by the coarse sediments of the Dihing Series of Phocene age. 

The Eocene comprises three distinct facies — a deep sea facies in the 
Calcareous zone of Baluchistan, Northern Kas h m i r and the Tibetan 
zone of the Himalayas (which extended at least as far east as the meridian 
of Lhasa in Lower Eocene), and also in parts of the Burmese arc ; a 
shallow facies on the southern side of the main Himalayan range as far 
east as Naini Tal and in Cutch, Gujarat, S.W. Rajputana, and the 
southern border of the Assam plateau ; a fiysch facies in parts of the 
Himalayas and in Baluchistan. There was also a fresh water facies in 
N.W. Punjab and in Upper Burma. 

The Laramide orogeny raised the East Indian archipelago (particularly 
the Banda arc) and New Guinea into land temporarily and land connec- 
tion was probably established between S.E. Asia and Australia for a 
short time. The sea transgressed again over this arc and over Western 
Celebes and parts of Borneo in Lower Eocene. There was still a strong 
Tethyan element in the fauna of the East Indies and New Guinea during 
the Eocene (David, 1960, p. 709). But at the end of the Eocene, the 
Tethyan element disappeared and the Indo-Pacific fauna, which was 
already promment in Madras, Assam, Madagascar and W. Australia in 
the Cretaceous, estabhshed itself in the Bast Indies and New Guinea 
basins. 

In Oman, both fossiliferous marine facies and the flyscJi facies are 
developed in, the Eocene, the fauna of the former being similar to that 
of Baluchistan. The Eocene extends into and occupies a large area in 
Central Arabia. In Eastern and South-eastern Persia there are thick 
basic volcanics, pyroclastics and some intrusives commencing from the 
Middle Eocene and continuing into the Ohgocene. The marine fauna 
closely resembles that of Baluchistan. In S.W. Iran the Lower Eocene 
is of shallow origin, characterised by red marls and gypsum. 

15. Oligocene— Lower Miocene 

The orogeny at the end of the Eocene broke up the Tethyan geo- 
synchne into shallow basins. The Baluchistan and Burma areas were 
however, connected with each other through the Indian ocean and. 
fossiliferous open-sea sediments as well as those of the flysch type con- 
tinued to be deposited thereiu. On the southern side of the Hhnalayas, 
the Mtuxee System of brackish water sandstones was deposited in the 
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Punjal) and Kashmir and for some distance further east. Marine deposits 
■were also formed in Southern Cutch and in Gujarat. 

In southern and south-’westem Iran, the Oligocene is represen'bed 
by the Asmari Limestone (marine) and the Ears Series (lagoonal), the 
latter sho'wing deposits of saline marl, gjrpsum and anhydrite. In 
Aribia, the Oligocene and Miocene are developed in restricted areas 
and are of shallow facies. • 

Ihere was sedimentation in the East Indies all along the outer arc 
(Nias-Mentawei strip and the Banda geosyncline) as 'Well as in parts 
of Sumatra, Java, East Celebes and Borneo. The fauna is Indo-Pacidc 
in character. 


16. Middle Miocene— Pliocene 

Towards Middle Miocene, intense orogenic forces affected the Hima- 
layan, Baluchistan and Burma arcs and considerable uplift and thrust- 
ing took place. Granites, and possibly also other igneous rocks were 
extensively intruded, along the main Himalayan belt. 

The tmconformity below the Middle Miocene ’ (Miocene — ^e4, of 
Umbgrove, 1949, p. 40) seen in many areas in the East Indies is probably 
the effect of the Himalayan orogeny. In Upper Miocene (Miocene — ^f2) 

■ intense folding and thrusting took, place in Southern Sumatra and the 
inner arc, as well as the entire outer arc, and especially in tbe Banda 
geosyncline and New Guinea (Umbgrove, J949, p. 41, fig. 60). The 
overfolding and thrusting came from the north in the Banda aro and 
from N, B. in New Guinea. 

The deposits of this period are found all along the foot-hills of the 
Himalayas, in Potwar and Jam m u areas, in Sind, in the Burmese* Tertiary 
belt and on the Assam side of the Burma arc. They constitute . the 
Siwahk System and its equivalents which are generally composed of 
coarse fluviatile sediments. Their great thickness (of the order of 
16,000-18,000 ft.) along the border of the Himalayas shows that they 
were formed in a shallow depression which was graduaPy sfoking, the 
recently risen mountains being the source of the sediments. 

' The Siwahks were folded and thrust over by older rooks, probably 
‘ at tbe end of the Pliocene.; in their front, along the margin of India, a 
' fore-dpep went on forming. Thi s for e-deep is now the valley of the 
, Ganges and Brahmaputra, filled* with thick Mio-Pliocene, Pleistocene 
and Eecent sediments. Movenients of some magnitude took place also 
in the Pleistocene, for we find that tho Karewas of Kashmir have been 
raised up several thousands of feet tm the slopes of the Pir Panjal and 
that certain beds enclosiug PalaeoUthio :remains have been tilted and 
lifted to a height of 4,500 ft. (de Terra, i93?). 
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Marine Mio-Pliocene rocks are found in BalucMstaUj on the east and 
west coasts of India, in northern Ceylon and in the Arakan area. The 
^auna is similar to that of Java and other islands of the East Indies. 

In Eastern and Southern Iran, the Upper Miocene and Pliocene 
beds are represented by the .Upper Pars and Bakhtiari beds which are 
shallow water deposits, the lattei ^e semblin^ the Siwaliks. The Middle 
PJiocene is highly folded, and the^^ded Bakhtiari beds are overridden 
by nappes which may be of Upper Pliocene or Pleistocene age. 

The Upper Tertiaries in Arabia were gently folded in Upper Miocene 
or Pliocene and subjected to faulting and uplift. Along the Oman 
coast, downfaulting occurred probably in Pliocene or later, because of 
which the trend of the formations is abruptly truncated. The north- | 
ward projection in Oman on the Persian Gulf Coast and the correspond- f 
ing kink on Iranian side of the same Gulf is due to an extension of the f 
Oman Range into Iran. Rocks of the Hawasina series are found in af 
“^w^places in tEe’Zahdan nappe north-east of Bandar Abbas. The Oman ' 
folding (Cretaceous), however, affected the South Persian geosyncline 
very little, and in any case the full Tertiary succession in Southern Persia 
has- obscured a good deal of the previous structures present there. This 
^geosyncline began to develop in the Jurassic and therefore most of the 
deposits are later than the Middle Cretaceous Oman orogeny. In this 
area, the autochthonous belt is followed, to the north, by an 80-mile- 
wide nappe zone containing three nappes, which successively bring up 
older rocks over the yonnger. The o'verthrusts are directed from the 
north-east towards the south-west. An uplift is known to have occurred ' 
in pre-Maestrichtian, probably during the Oman orogeny, far there are 
thick Maestrichtian conglomerates here. The Miocene is transgressive 
over oldei; rocks. The Mid-Miocene Bakhtiari beds were uplifted and ] 
erode<| before the violent folding of the Pliocene, which was probably 
continued into the Pleistocene. Finally, the folded rocks were elevated 
and the Persian Gulf-Euphrates Valley region depressed or faulted down. 
This may he of the nature of a / fore-deep ’ between the Arabian mass 
and the Tertiary fold-belt of the Zagros mountain system. The northern 
shore of the ^Persian Gulf shows fault scarps of Pleistocene or Post- 
Pleistocene age in several places. (De Bockh and others ; in Gregory, 
1929.) ^ ^ ^ 



MOVEMENTS IN INDIA DURING THE TERTIARY 

It is generally recognised that after the Jurassic there was an uplift 
and erosion before the Cenomanian transgression took place. The 
period of uplift may be just after the Neocomian. The Cretaceous 
sedimentation apparently continued into the Eocene, as Eocene fora- 
minifera have been recorded ftom the Pondicherry area. In Gujarat 
and Cutch, the Laki Series (Lower Eocene) is found to be transgressive 
over the Cretaceous. There was again a well marked transgression in 
or about the Middle Miocene, especially along the southwestern, and 
aU along the eastern, coast. Minor epeirogenic oscillations have occurr- 
ed in the Pliocene and Pleistocene times also, as evidences are found in 
raised beaches, submerged coasts, etc. 

The Assam plateau is considered to be a horst uplifted in the Miocene. 
It is bordered on the north by a fault showing a prominent scarp. On 
the southern side, the western portion is a fault which, when followed 
eastward, becomes a monochne and further on merges into the Haflong- 
Disang thrust fault with overthrust from the Burma side, this thrust 
fault continuing in a north-easterly direction into Upper Assam. There 
are several parallel thrust zohes in the Patkoi-Naga-Manipur-Lushai 
Hills which represent thrust movements from the Oligocene or Miocene 
onwards. The western side of the Assam plateau may also be marked 
by fracturing which may be connected with the Garo-Rajmahal gap 
through which the Ganges and the Brahmaputra now flow southwards 
to sea. 

The Himalayan orogeny produced a ‘ fore deep ’, a down-buckling 
of the crust to form a trough in front of the folded mountains. The 
various stages of the movement would have accentuated this basin. 
It would appear that the southern arm or flank of this synclinal trough 
suffered ejevation at each stage. Pour regional uplifts have been noted 
in Chota Nagpur, Bihar, which are, according to Dunn (1939, p. 141) : — 

1. Lower Tertiary uplift of 1,000 ft, 

2. Middle Tertiary (Mid-Miocene ?) uplift of 1,000 ft. 

3. A farther dplifti of 300 ft. 

4. A still later uplift of 400 ft. 

The total uplift was therefore of the order of 2,600-2,700 ft. Thie is 
best seen in the Eanchi plateau along North Latitude 23°. But it is 
interesting to note that along latitude 25° there was practically no* 
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movement, this being of the nature of a hinge zone located somewhere 
in the middle of the southern limb of the trough. The movements are 
shown diagramatically below. (Fig. 12). 



Fig. 12. 
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THE EASTERN COAST AND THE BAY OF BENGAL 

The eastern coast in Orissa and nortljorn Madras down to the Kistna 
Valley is parallel to the Eastern Ghats. Thou it turns south, aocoin- 
modating itself roughly to the Archaean and Guddapah rocks which 
here show southerly to SSE trend a little to the north of Madras. 
The coast more or less maintains its southerly trend, with a slight easter- 
ly convexity in the Nclloro region, up to the Oauvory delta, though iJie 
rocks turn sharply towards the S. W. and WSW near Madras city. In . 
the southernmost part of the Peninsula, the coast has a south-westerly 
trend down to Cape Comorin, but here it is practically perpendicular 
to the strike of the rocks. 

The earliest marine sedimentary rocks along this coast after the 
Cuddapah-Vindhyan times occur in the Middle or Eppor Jurassic 
amongst the Upper Gondwana rocks of Guntur and Kistna districts. 
Though similar plant-bearing upper Gondwanas are known to occur in 
Orissa and Southern Madras, they do not Seem to be associated with 
any marine intercalations. Neither are marine strata associated with 
the Tahhowa beds of the north-west of Ceylon. It is, therefore, clear 
rhat the eastern coast of India took shape during the Jurassic. 

The lYest Australian geosyncline seems to have been formed in. the 
Devonian. The incipient Bay of Bengal of Jurassic times was probably 
directly connected with it, since evidence of such direct connection is 
available in the Cenomanian fauna being very similar in both the Trichi- 
nopoly area in Madras and in the West Australian geosynclino. The 
Upper Cretaceous fauna of Madagascar and East Africa are also similar 
so that we can assume that, at that time, the Indian Ocean lapped the 
shores of all these lands. Ceylon seems to have been first severed from 
India in the Middle or Upper Miocene for it is only at that time that 
marine beds (Jaffna beds) were formed on the north-west and north of 
Ceylon (Jacob, 1949, p. 341). Thereafte ■ connection and severance 
took place a few' times, and the sea separating the two is very shallow 
and supports numerous coral islands. 

Proceeding now to the eastern part of the Bay of Bengal, we have 
already seen that the sea extended, in the Cretaceous, over a 'arge part 
of Assam and Burma. A ridge Was raised up by the Laramide orogeny 
along what is now the axis of the Burma arc and ttie two arms thus 
created were gradually filled up during the Tertiary. The connection 
of the Burmese sea with the Himalayan one probably ceased about this 
time or, at any rate, at the end of the Eocene. 
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It would tlius appear that the Andaman Sea {i.e., the basin between 
the Burma-Andaman-Sumatra arc and Tenasserim-Malaya) took shape 
at the end of the Cretaceous (Sewell, 1925). The eastern border of this 
basin is regular and is marked by the submerged ridge bordering the 
Mergui Archipelago. The Andaman Sea basin connects with the Sunda 
Sea through a channel coursing through the Straits of Malacca. Sewell 
has suggested that this channel may be a drowned river valley. The 
western border is less regular and consists of a mountain chain 700, miles 
long, a few peaks of which rise above sea level. The mountain chain is 
really the Andaman-Nicobar part of the Burma-Sumatra arc and it 
shows Cretaceous and early Tertiary sediments (and recent coral lime- 
stone) with some serpentine intrusions (Tipper, 1911). The basin was 
probably a shallow sea originally, but faulted down later to its present 
depth. It now consists of a main basin, 2,000 fathoms deep at its 
deepest part, and two subsidiary basins to its north-west, each 1,000 
fathoms deep. The main basin is separated from the smaller by the 
volcanic ridge on which Barren Island is situated. This ridge runs 
first to the north-east from Little Andaman Island and then north to 
join the zone of volcanoes in Burma. Southwards, it joins up with the 
volcano zone of Sumatra. To the west of and close to the Andaman ridge 
is a subsidiary submarine ridge which, according to Sewell, continues 
into the Nias-Mentawei ridge south of Sumatra (on the axis of the 
major negative gravity anomaly strip — ^Umbgrove, 1949, plate X). 
Whatever may be the significance of the ridge said to occur west of the 
Andamans, there is little doubt that the Andaman-Nicobar ridge runs 
directly into the Nias-Mentawei ridge. There is another submerged 
ridge (Carpenter’s ridge) about 30° west of the Andaman ridge, :and 
separated from it by a gulley called the ' Investigator deep Accord- 
ing to Tipper, (1911, p. 210) the Andaman ridge is overfolded to the 
west. The existence of a much wider shelf on the western side of the 
A ndaman ridge than on its eastern is explained by Sewell as due to the 
progressive eastward shift of the anticlinal axis of the fold, following 
the suggestion of Brouwer’s. The Tenasserim Coast of the Andaman 
basin, on the other hand, is only moderately faulted. The Shan plateau 
of Burma which is the northern continuation of Tenasserim, shows a 
fault scarp on its west .along which it is said to be overthrust westwards. 
It is, therefore, probable that Tenasserim is also similarly uplifted and 
thrust over to the west. 



THE WESTERN COAST AND THE ARABIAN "SEA 

Submaxine contouxs of tli6 "Wsstoxn Coast of India show that the 
T-nargi’n of the Continental shelf is remarkably straight from near Cape 
Comorin to the West of Kathiawar. This lends support; to the deduc- 
tion, from other data, that this coast was faulted down in comparatively 
recent times. Leaving aside the Gujarat-Narbada Valley zone, which 
is known to be an ancient zone of weakness, the only marine strata 
found on this coast are of Lower Miocene ago forming a narrow coastal 
strip ■'in Travancore (Eames, 1960, pp. 230, 239). The Deccan traps 
near the Bombay coast are over 6,000 ft. thick, becoming gradually 
thinriAr eastwards. They show a sh'ght dip towards the sea near Bombay, 
this being due to the Panvel flexure trending roughly i)arallel to the 
coast. It is clear that they could not have stopped abruptly at the 
coast with such a thickness but must, really have extended further west. 
The western extension has been faulted down into the sea. Between 
Batnagiri and north of Bombay there is a scries of hot springs along a 
straight line parallel to the coast, which show that they are located on 
a line of fracture. This also lends support to the coast being a faulted 
zone. The age of the fault, as indicated above, is about the Lower 
Miocene (Oldham 1893, p. 495) or slightly earlier. 

The Continental Shelf is limited roughly by the 100-fathom lino 
(Big. 13), The shelf is generally 26 to 35 miles wide but is widest near 
about N. Lat. 20°. It slopes gradually over this width and then rapidly 
down to about 1,000 fathoms. Making an acute angle with the coast 
and the shelf, is the Laccadive-Maldive ridge which is thought to bo the 
continuation of one of the main Aravalli ridges. It is very likely that 
the Chagos Archipelago also belongs to that ridge. From the southern 
end of the Chagos to the northern end of the Laccadives, the distance is 
1,600 miles. All these groups of islands rise from platforms which are 
about 1,200-1,300 fathoms deep. The Chagos Islands are separated 
from the Maldives by a channel which is about 2 degrees wide and 1,600- 
1,700 fathoms deep. The Maidive group is separated from the Lacca- 
dive^ by a much narrower channel about 1,200-1,300 fathoms deep. 
Followed northwards, the Laccadive ridge continues up to Coradiva 
island, between which and India there is a narrow gap 1,066 fathoms 
deep. A bank called the ‘ Adas Bark ’ was formerly reported to exist 
in this gap but Sewell (1936) doubts whether it exists. But along the 
trend of the Laccadive ridge we find two banks on the continental shelf, 
the southern being the ‘ Angria Bank ’ and the northern the ‘ Direction 
Bank They lead northward, through the Gulf of Cambay, to the 
Aravalli mountain chains. The idea that these barks represent a con- 
tinuation of the Aravallis receives indirect support from the fact that a 
strip of strong positive gravity anomalies runs along it, into the Lacca- 
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dives. Tlie Maldives, however, lie in a zone of negative anomalies which 
at its northern end turns in the direction of Cochin on the west coast 
of India. It may also be noted that the general alignnumi' ol tlui Mal- 
dives is slightly to the east of that of Laccadives, while that of the 
Chagos is distinctly to the west of the Maldives alignuicnt. 

SeweU (1936, p. 426) has called attention to the fact that the Elical- 
peni Bank in the south-eastern part of the Laccadive group is separated 
only by a narrow channel from Malabar and that its position is on the 
westward continuation of the Eastern Ghats in the Nilgiri region. If 
there is any truth in this suggestion, it would mean that the Ea.Ht<n'n 
Ghats continued right up to the (supposed) extension of the. Aravullis 
into the Laccadives. 

The Kirthar Range, which forms more or less the boundary Ixitween 
Sind and Baluchistan in Pakistan, runs down to Cape M<)nj!<i near 
Karachi where it is covered by the sea. The same, strata ns those ruair 
Cape Monze are found in a small island called Churna wliicli lie-s to tlui 
west of Cape Monze (Oldham 1893, p. 312). This feature is se-e-n t<y 
continue south-westwards as a well marked submarine ridge (called 
the Murray Ridge). It rises from the bottom of the sea 1,700-1 ,800 
fathoms below sea level. To its south-east is a gully 2,100 fathoms deep 
which, when followed in a south-westerly direction, first shows a tendency 
to shallow to 1,600 fathoms and then resumes its original depth. 

About 1° Latitude south of the Murray Ridge is another ridge* 
At about co-ordinates 10° 20' N. : 64° 0' E., it shows a peak which is 
only 440 fathoms deep, but iu general the top of this ridge is about 

1.500 fathoms below sea level. It has been traced as far west as 20° N : 
61° E. It is not clear whether these two ridges strike into the Oman 
Coast. 

The strip of sea adjoining Mekran (Baluchistan) is streaked with 
numerous straight parallel ridges which are part of the Zagros mountain 
system. The sea here gradually deepens to 1,800 fathoms at which depth 
the bottom is practically flat. The ridges generally rise to heights of 

2.500 to 3,000 ft. above the sea floor. Some of the ridges are at a distance 
of 60 miles from the Mekraif Coast. 

Since Middle Miocene rocks have been involved in the downfaulting 
of the Mekran sea, the date of faulting may be late Miocene or Pliocene. 
It may be that the western coast of India was faulted down in Lower 
Miocene and the faulting extended into the Mekran region some- 
what later. Eurther extension of this faulting into the Persian Gulf 
and the Euphrates valley apparently occurred in the Pleistocene. 

From the Island of Socotra near the north-eastern tip of Africa, there 
runs the Carlsbexg Ridge system,, in a south-easterly and then southerly 
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direction to Kodrigues (Kg. 14). It is a broad arc convex to the east, 
rising from the ocean floor at a depth of 2,300 fathoms. The basins 
on either side are over 2,700 fathoms deep. Concentric to this is another 
arc, on which are situated the island groups of Seychelles, Saya de Malha, 
BATHYMETRIC CHART OF THE INDIAN OCEAN 
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Fig. 14., (After I. D. H. Wiseman and R. B. S. Sewell.) 

Nazereth Bank and Mauritius, and on the concave side of which lies 
Madagascar. Wiseman and Sewell 1937) are of the opinion that the 
ridge system in the Indian Ocean and th*' Bast African rift system 
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have a considerable degree of similarity and that they form a mirror 
image of each other along 60°E. meridian. Some of the samples of rook 
dredged from the surface or sides of the submerged ridges were found 
to be basalts. This ridge system lies roughly midway between India 
and Africa and is similar to the Mid-Atlantic ridge between Bur-Africa 
and the Americas. The origin of the Mid-Atlantic ridge has been ex- 
plained by different authors in different ways. The Atlantic and Indian 
Ocean basins are surrounded by markedly fractured coasts and it is 
therefore reasonable to assume that the ridge systems are due to offoots 
of tension m the respective basins. After Gondwanaland was fractured, 
the parts drifted apart. The fractured coastal regions would then be 
loaded with sediments derived from adjacent land, with oonsoquontial 
rising or bulging up of the central strip along which igneous material 
from the basaltic layer would rise to form a ridge. As the continental 
masses on either side drifted, adjustment would take place in the mid- 
ridge by lateral and vertical movements (Du Toit 1937, pp. 217-219, 
226-227). The phenomenon would be a sort of the reverse of what 
happens in a zone of compression connected with a geosyncline, where 
the sial crust is downfolded, followed by uplift of the sediments in the 
geosynclme and igneous intrusions, mainly granitic, from below. In 
this case, the thin sial crust would bulge up and be broken through by 
basaltic magma from below. 



ULTRAMAFIC ROCKS AND OROQENIC BELTS 

There are numerous scattered references to occurrences of ultramafic 
rocks in various parts of India. A general sorting out of these occur- 
rences shows that they fall in one or the other of the known belts of 
mountain building. When these were plotted on maps the above- 
mentioned connection was clearly brought out, as will be seen in Tigs. 
10 and 16 to 17. The writer is obliged to his colleague Mr. N. A. Vemban 
for carrying out this task of collecting information and plotting the 
occurrences. An attempt is li||g made to present only the easily 
available information, suid it '1^)ossible that more exhaustive search 
will reveal other occurren(!es in these and certain other areas. 

Tlie occurrences brought together here include what have been 
deHc.rilxKl as peridotites, dunites, saxonites, Iherzolites, serpentines and 
])yroxenit(^s, which in most cases are associated with such alteration 
products as asbestos, talc., serpentine, and magnesite. Some amphibo- 
lites have boon incliuhid, as it was not clear whether they were derived 
from pyroxenites or from basaltic rocks. 

t. Rajputana 

The occurrenc.es in this area mentioned below, are arranged from 
north to south (Tig. 16). 

Numerous lons-liko masses and thick sills of amphibolite are found 
folded in with the Delhi System (Alwar Series) from near Mandarwar 
(27° 52' : 7*6° 36') to Jhiri (27° 14' : 76° 16') and Eaialo (27° 5' ; 76° 17'). 
They seem to be mainly altered basaltic rocks (Heron, 1917). 

Stoatitic rocks are found in several places in the Biana-Lalsot Hills 
(Heron, 1917a, j). 200) especially near Maroli (26° 46' : 76° 34') and 
Morra (26° 49' : 76° 52'). The occurrence of Nawai Hill (26° 22' : 
75° 69') is also of the same nature (Heron, 1922, p. 391). In Central 
Mewar, B. C. Gupta (1934, p. 124, 156) has recorded the presence of 
amphibolites in pre-Aravalli and Aravalli rocks near Idra (24° 36' : 
74° 16'), Bhilwara (26° 21' : 74° 39') and other places. Talc and 
chlorite-bearing rocks derived from ultramafics, and serpentines with 
magnetite are found near Beawar and to the south of Ajmer. 

Talc-serpentine rocks occur intermittently along a NNE-SSW zone 
between Kanhat (24° 23' : 73° 29') and Sempala (24° 49' : 73° 37') 
north-east of Udaipur city, according to P. K. Ghosh (1933, p. 449-460). 
Coulson (1933) has described amphibolites of Delhi and post-Delhi ages 
from several localities in Sirohi, between Pnndwara (28° 48' : 73° 3') 
and Rohera (2^° 37' : 72° 58'). Talc-serpentine-ohlorite rocks are 
developed near Rikhab Deo (24° 5' ; 73° 41'), Kherwara (23° 69' ; 
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f3° 36') and east of Dungarpur (23° 60' : 73° 40'), etc. Some of the 
sxposnres are large and up to 60 ft. in thickness and their trend is N-S 
;o NW-SSE (Ghosh, 1933). 

Serpentine, ohrysotile and steatite occur in several places in Iilar 
according to Middlemiss (1921, pp. 99-109), as for example near Dev 
Mori (23° 40': 73° 28'), Ghanta (23° 36' ; 73° 16'), Kokapar (23° 31': 
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ULTRABASIC ROCKS IN RAJPUTAN A 


Fig. 15. 

73° 28') and Thurawas (23° 43' : 73° 16'). Some of these are more than 
a mile long and up to 300 ft. thick. 

Plate 4 shows that all the above occurrences fall in the Aravalli- 
Delhi belt in which there was orogenic activity in post-Aravalli and 
post-Delhi times. In Dungarpur and Idar the arrangement of the 
exposures is N-S or NNW-SSB, following the change of strike of the 
axis of the folds. 
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2. Mysore 

CoHiing now to the Mysore region., we iind that there is a variety of 
altered and ineiamoiplioscd busi(j and ultrabasio roclcs in all the Dhar- 
warian exposures, and in the southern parts of the Shimoga 

and (dutaldiug belts wlicre the rocks have undergone high grade meta- 
tnoi j)hisju. It is likely that the southern part of the state exposes more 
dc^eply eroded sctjtions than the northern part (Fig. 16). 
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Partly altered poridotites and pyroxenites are found in numerous 
places in the Shimoga and Kadur areas e.g. near Jajur (14° 8' : 76° 1'), 
Sulikore (14° 9' ; 76° 65'), Holalkere (14 2' : 76° 13'), Jhandimatti 
(13° 68': 76° 61'), Hiriyur (13° 48' : 75° 46') Lakkavalh (14° 32' : 
75° 41') etc. In the Hassan district, serpentine and steatite rocks are 
associated with amphibo'ites. There are also pyroxenites, enstatito- 
tremolite rocks and olivine-bearing rocks near Hassan (13° 0' : 76° 8'), 
Holenarsipur (12° 48': 76° 17'), HonnavaUi (13° 20': 76° 27'), 
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Tiruvekere (13° 10' : 76° 44'), Fuggihalli (13° O': 76° 3') etc. To tlio Houth 
and south. -'west of Mysore city, there are numerous bands of hypers- 
theuites associated with charnockites. They are particularly abundant 
between Mysore city and Nanjangud (12° 7' : 76° 43'). rcridotitic 
rocks also occur further south along the same bolt near Sargur (12° 0' : 
76° 23'), Hoskote (11° 53' : 76° 27') and Kampur (11° 46' : 70° 27'). 

In following the exposures from north to south it is seen that tluiy 
are confined to the Dharwarian belts and that at the southern end near 
Mysore the strike becomes N-S, finally assuming further south a NNK- 
SSW trend, that of the Eastern G-hats here. The details lor Mysore 
have been taken from several papers by E. W. Wethcrell, M. Iv. Slater, 
P. Sampat Iyengar and B. Jayaiam in the Records of the Mysoixi tle(»- 
logical Department, 

3. The Eastern Ghats 

As we have already seen, the portion from South Malabar and 
Nilgiris to Madras (through Coimbatore, Salem and Arcot) is dominated 
by the Eastern Ghats trend which has a EKE-WSW direction first, and 
later a NNE to NE direction. Several exposures of dunito and related 
rocks, mostly converted to magnesite, steatite and asbestos, occur in 
Salem (Krishnan, 1961). These are also shown in the south-eastern part 
of the map of the Mysore region (Fig. 16). The ENE tr<jnd of the 
occurrences is very clearly seen in the map. Some of the exposures are 
fairly large, the ‘ Chalk Hills ’ area near Salem being 6 s<j. miles 
in two closely spaced patches. Passing through Sittampundi (11° 16' : 
77° 54') there are also bands of chromite- and corundum-bearing 
pyroxenite, amphibolite and anorthosite, shown by a curved branoliing 
line in the map. 

The Eastern Ghats belt, throughout its length, shows large masses 
•of charnockite which include patches of ultrabasio composition (hyper- 
sthenite, enstatitite and pyroxenite) in many places. One such patch 
near Kondapalle (16° 37' : 80° 32' ) contains small but workable deposits 
■of chromite. Another deposit of chromite occurs at Nauaahi (21° 17': 
86° 20') near Bhadrak in Orissa in peridotitic rock intrusive into ancient 
gneisses. Charnockitio rocks are, however, by no means confined to 
this belt, for they are known to occur in the Dharwarians and in the 
gneisses of southern Mysore, Travancore and Tinnevelly and also in 
Ceylon, East Africa, Antarctica and Western and Central Australia. 
But it is not known whether they are all connected with orogenic belts, 

4. Satpura Belt 

It is only for the Singhbhum area in this belt that data are readily 
available regarding the occurrence of ultrabasio rocks (Fig. 17). Accord- 
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ing to J . A. Dunn (1929, p. 96 ; 1939, p. 60, 143, 236) tlie nltrabasics 
wore intriulod in tJio main shear zone of the Singhhhum copper belt just 
after overthrusting took place, hut in some cases they have also been 
affected by folding and dislocation. 

To tho north of the large area of Dalma volcanics, some distance 
north of the main shear zone corresponding to the Singhbhum Copper 
Belt, Diore is an E- W zone showing sills of pyroxenite in sheared phyllitio 
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rocks. These are seen near Kirtamdih (21'’ 58' : 85° 51'), Cliuiuulili 
(21° 59' : 85° 57'), etc. 

To the south and east of Tatanagar, the basic and ultraliasic I'oc.ks 
appear in three or four zones which are more or loss parallel to tlu* tnjun 
shear zone. The easternnaost extends from Kakha Mines (22" ')()' : 
86° 12') to Mahulisol (22° 28' : 86° 34') and beyond. The occiiiTeiKUi at, 
Kudada (22° 42' : 86° 12') may probably belong to this zone. A 
second zone passes through Gitilata (22° 40' : 86° 12'), Manpnr (22 " 3(i' : 
86° 16') and Butgora (22° 33' : 86°. 20'). The next includes tlio larg<! 
mass of Charai Pahar near Dublabera (22° 29' : 86° 17') and a series trf 
small exposures from Lakaidih (22° 26' : 86° 18') to Nuuia (22" 23' : 
86° 25'). A fourth zone is indicated by occurrences near Bara Bana 
(22° 27' : 85° 56') which possibly connects with Siajang (22° 33' : 86° 4'). 
Along the south-eastern extension of this are the large masses of Kuinar- 
dubi (22° 17' ; 86° 19') and Sarugara (22° 16' : 86° 24') which are basic 
rocks containing numerous lenses and patches of serpentine and inagne- 
tite. The Batgora mass is similar to these. 

In addition to the above, there are a few large isolated masses of 
olivine-bearing rocks (saxonites, Iherzolites, pyroxenites, etc.) at the 
following places (Jones, 1934, p. 217) : Jojohatu (22° 31' : 85° 38') 
comprising three large masses, each several hundred feet thick and con- 
taining chromite deposits ; Tonto (22° 23' : 85° 37') ; Nurda 22° 20' : 
84° 44') containing highly serpentiniaed rocks ; Nangalkata (22° 5' : 
85° 5'), a large laccolith nearly 4 miles long ; Badgaon (22° 2' : 85° 2') ; 
Baljori (22° 5' : 85° 4') ; and Rangra (22° 3' : 85“ 9'). These masses 
are not connected with the shear zones, but appear to be aligned parallel 
to the Eastern G-hats strike (NNE-SSW) characterising the area in 
which they occur. *’ 

5. The Tertiary Mountain Belt 

We have already seen that the erogenic belt of Oman is intimately 
associated with the Semail igneous suite comprising basic and ultrabasio 
igneous rocks as well as granites and diorites. The zone of the most 
intense folding corresponds to the zone of deep sea sediments including 
radiolarites (Picard, 1937, p. 419 ; Davis, 1950). The Oman rangof^ 
very probably extend into the submarine ridge which is a continuation 
of the Kirthar ranges of Sind. 

The Jurassics and later sediments of Cutch are folded along a E.-W. 
or N. W.-S. E. axis. There are two lines of ‘ trap ’ intrusions, one in 
Cutch and the other in Patcham and other islands in the Rann. As 
no modern work has been done on these intrusives it is not known whether 
they consist entirely of Deccan Trap flows or whether they contain also 
patches of ultramafic rocks. Wynne (1872) mentions the presence of 
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coarse, augitic rocks in western Cutch which may or may not include 
pyrox(Biit(!H and pciridotitc-s. 

The IkilucliistaT) arc shows sills and intercalations of basic rocks in 
llp])(‘.i.' OrtsiaeeouK and Eocene sediments, but the only well-known 
o(tci!rronc(i of p<o'i(lotif,i(! rocks scorns to be the group near Hindu Bagh 
oi' (ilnel ta., w-hich is asso(!iat(',d with large chromite deposits which 
havt‘. IsMsn w'orkisd for alunit forty years. Similar deposits have come 
to light, re.c.entJy in the ar<>,a north of Fort Sandeiuan along the con- 
timmiioti, ol' t,h<( same belt. Thes(‘- are considered to be of Upper Creta- 
(;(a»us a.g(L 

Ba.sic and xi]tii’ii,basi(! rocks of Cretaceous age are also known in the 
Burz;il-I)ra.s area of Ladakh north of the main Himalayan Range of 
Kashmir (Wadia, lt)37, p. Ifxl). The ultrabasic rocks are serpentinis- 
ed i)('.ridot,it,(iS, said t;o (jontain much associated chromite, extending 
NW-fiE over a huigth of several miles. 

Berpentinisfsd ultrabasic rocks are found in the ‘ exotic block ’ region 
of Bahihdhura and Kiogad in the Kumaon Himalaya. They occupy 
the Balchdliura heights (18,110 ft.) and some localities along the pass of 
that name (H(dm and Gansser, 1939, pp. 149-164). Similar rocks are 
known in tins region north of Balchdhura, near Jangbwa, south and 
HOuth-w(ist of Lake Manasarow'ar, and in the Darchen area south of Mount 
Kailas. Tliese ophiolitic rocks are considered by Heim and Gansser 
(1939, pp.- 173, 180-189) as younger than the Cretaceous flysch sedi- 
nuuits with wiiich the.y are associated. They also point out (pp. Id^-lOS) 
that the igneous rocks occur with and are intrusive into deep-sea deposits 
— radiolaritos and siliceous sediments — which indicate a possible 
llpixer Cretaceous or early Eocene age. Granitic rocks are intrusive 
into the Cxmtral Himalayas as well as in the Trans-Himalaya range. 
The intrusion of the ultrabasic rocks should have taken place during the 
first orogenic upheaval of the Himalaya, i.e., in the Upper Cretace- 
ous (do Terra, 1936, p. 864), more or less contemporaneous with the 
Oman orogeny. 

There is little information on the occurrence of ultrabasic rocks 
along or near the axis of the main Himalayan range in Nepal and 
Eastern Himalayas, though it is known to be intruded by large batbo- 
lithio masses of granite almost throughout its length. More detailed 
work along this belt in future may bring to light some occurrences. 

Numeroua occurrences of peridotite and serpentine, some of which 
are associated wil^ jadeite and others with steatite, are known in the 
Burmese arc. They are all thought to be of Upper Cretaceous a^e (Fig. 
10 ). 
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According to Chliibber (1934a, pp. 24, 32) serpentinised peridotite 
associated witli jadeite occurs near Tawmaw (25° 41' : 96° 15') ; 10 
miles east of Molmyin (24° 47' : 96° 22|') ; between latitudes 26° 28' 
and 25° 52' and longitudes 96° 7' and 96° 24' and at a locality 200 miles 
north of Myitkyina. Several other occurrences are recorded by the 
same author between North latitudes 25° 20' and 26° 0' and East longi- 
tudes 96° 6' and 97° 0' (Eec. Qeol. Surv. Ind. 62, p. 108, 1929; 63, 
p. 99, 1930 ; 64, p. 78, 1931). They are aligned along a N E,-S W. 
direction. 

Peridotite masses, usually altered to serpentine and sometimes 
associated with steatite, occur 24 miles south-east of Fort Hertz (27° 21': 
97 - 24') as a lense-like outcrop over 5 miles long. About 100 miles 
south of this there are two groups of outcrops near Myitkyina (25° 23' : 
97° 24'). The eastern group extends from a locality about 4 miles 
north-east of Myitkyina for a distance of 60 miles to the south ; while 
the western group which is 16 miles west of this, is 25 miles long, trend- 
ing in a N. by E. direction. 

In Manipur State, near the border of Assam and Burma, there is a 
large outcrop 25 miles east of Imphal, extending for 40 miles or more in 
a N. 15° E. direction between latitudes 24° 10' and 25° 5'. It is several 
miles wide. Another outcrop is known east of Kohima in the Naga 
Hills, running for 15 miles in a SSW direction from a locality having 
the coordinates 25° 50' N, : 95° E. Numerous small outcrops, some 
associated with chromite, are known in Thayetmyo, Minbu, Pakokku, 
Kyaukpyu, Prome, Henzada and Bassein districts of Burma, between 
17° 20' N. and 21° N. and 94° E. and 95° E. (Chhibber 1934a, pp. 
245-246 ; 1934, pp. 314-317, 470-472). In the southern continuation 
of this zone, serpentines are formd in all the three Andaman Islands and 
in Teressa, Tilanchong and Kamorta Islands of the Nicobar group 
(Tipper, 1911, pp. 10, 14 ; Gee 1926, p. 214). Bocks from the Anda- 
mans, which were formerly assumed to be tuffs, have recently been found 
by K. Jacob to be radiolarites (Jacob, m the press). 

From investigations in various orogenic belts of the world, it has 
been learnt that during the course of development of a geos 3 mchne, the 
sial layer is weighed down and stretched. Through cracks developed 
in this layer tmder tension, magma from the basaltic layer rises up and 
spreads into and over the sediments, forming intrusions and contem- 
poraneous intercalations with them (Uihbgrove, 1947, pp. 77-81). This 
accounts for the large masses of basic volcanics associated with geosyn- 
clinal sedimentation — e.g., in the Dhatwarians, Ouddapahs, Iron-ore 
series, Cretaceous of Baluchistan, etc. - 

The occurrence of ultrabasic rocks in the intense’y deformed and 
sheared orogenic belts has now been established by Hess (1937a), in 
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particular in the West Indies (1938, pp. 332-333) and in the Island arcs 
of the A^estern North Pacific (1948). Thayer and Gould (1947) have 
also demonst ated the association of the shear belts of Cuba with sei- 
pentine intrusions. 

As a result of the experimental study of the Mg0-Si02 system 

Bowen and Tuttle(lS49) have come to the conclusion that typical 
olivine rocks (or olivine — orthopyroxene rocks) are intruded more or 
lessin a solid condition at a temperature about 1,000^-1,200’ C. If 
the mass encounters water on the way or is attacked by hydrothermal 
solutions after emplacement, the orthopyroxene is first attacked, giving 
rise to talc and secondary olivine at about 660^ C. With further lower- 
ing of the temperature to below 500° C., the minerals will be trans- 
formed to serpentine. If olivine is in excess of the correct proportion 
for complete serpentinisation, brucite may be formed at around 400° C. 
The iron content of the olivine and pyroxene would give rise to magnetite, 
which is often seen associated with serpentine. The presence of carbon- 
dioxide in the hydrothermal fluids would produce magnesite and free 
silica at a temperature below 500° C. Thus, depending on the condi- 
tions obtaining in the crust during or after the intrusion of the ultra- 
basic rock, the appropriate mineral or minerals would be formed in the 
intruded mass. 

Mountain building is initiated by tangential compression of the 
crust. The sial layer is sharply downbuckled into a syncline into which 
ultrabasic rocks are intruded. The tightening of the limbs results in 
the intense’ crumpling and squeezing out of the sedimentary material 
which is then overthrust to either side as exemplified in the Alps and 
the Himalayas. The sediments of the synclines on either side of the 
downbuckle would also be stripped and would come up against the 
overthrusting sediments in consequence of the crust moving inwards 
and downwards to form the downbuckle. Thus would the Jura type of 
structures be formed. The different stages are illustrated by Hess 
(1937a, fig., 5) and are shown in Mg/ 18. 

Experiments performed by Kuenen (1936) with suitable materials 
show that, as compression is applied to a set of horizontally disposed 
layers^ a series of gentle folds is first formed^ With further compression, 
the main syncline buckles down, later forming a tight fold. Sometimes 
two adjacent synclines buckle down, forming a double structure. When 
materials representing light sediments are present over the synclinal 
stuoture they are squeezed out and thrust over the sides. These experi- 
ments give considerable support %o the ideas put forward by Vening 
meinesz (1934). 

13 GSI 
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Duiing the first great push, downward, the synclinal fold reaches 
down to a depth of some 60 Km into the peridotite layer some material 
from which ascends into the axis of the fold either in the centre or on 
either side of the centre (Hess, 1937o5, p. 271). This is what has happen- 
ed in the Himalayas where we get two (including the Darchen zone) 
zones of ultramafic rocks which are here associated with the exotic 
blocks. The belt containing these ultramafic rocks is the main negative 
anomaly strip of the Himalayas. On either side of the downhuckle or 
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tectogene (Hess, 1937, p. 76) there are usually somewhat wider strips of 
positive anomalies. Further deforniation does not produce repeated 
intrusions of ultramafics as, by that time, the lower part of the 
tectogene would have softened and sealed off the peridotite magma from 
below. The later granitic intrusions in the tectogene are due largely 
to isostatic adjustments which bring up the highly heated lower part 
of the downfold as intrusions of molten granite and grano-diorite. The 
period of maximum uplift is therefore later than the period of intense 
compression, though deformation and thrusting must occur all through. 

In the Himalayas the period of down-folding of the crust may be 
dated as the Upper Cretaceous since the ultramafics (enstatite-peridotites, 
etc.) of the exotic block regions are intrusive into the Upper sedi- 
ments of that age (Heim and Gansser, 1939, pp. 162, 185). The Tibetan 
facies of the Upper Cretaceous associated with these intrusions are grey 
and dark radiolarites which indicate deposition in a deep sea (Heim and 
Gansser, 1939, pp. 162-164, 173) whose deepening went on while the 
downfolding was in progress. Little is known about the geology of the 
country beyond the central Himalayan zone except the obser’4^ions 
of Heim and Gansser, but the wide zone containing the two belts of 
ultramafics and exotic blocks may perhaps be due to the presence of two 
contiguous downbuckles suggested in Kuenen’s experiments. It seems 
also likely that the zone of granite intrusions of the Trans-Hima- 
layan range north of Mount Kailas may be due to the same cause, i.e., 
the presence of a second downfold. 

As compression increases in the geosyncline, uplift of the sediments 
will ensue. The lower portion of the down folded sial would begin to 
melt at depth and would be squeezed out to form intrusive masses of 
granite and granodiorite along the axis of the newly formed mountain. 
It may sometimes be accompanied by basic rocks, especially in the earlier 
stages, while the later stages will be marked by assimilation of sedi- 
ments and migmatisation. 

The ultrabasic intrusives in the Archaean mountain belts — ^AravaUi, 
Dharwar, Satpura — may be said to be generally of the same age as the 
period of folding and deformation, though the results of careful and 
detailed studies are wanting. In the Tertiary mountain belt, the ultra- 
basics so far known in Baluchistan, in Ladakh and Kumaon, and at 
various localities in the Burmese arc are assigned an Upper Cretaceous 
age, which fits in with our deduction of the age of the first diastrophism 
in the region. 



SEISMIC PHJBNOMENA 

Seismic phenomena in India, their distribution and signifioauo.e in 
relation to structure have been dealt with in a general way by T. Oldhani 
(1883), Count Montessus de Ballore (1904) and West (1937), while indi- 
vidual earthquakes of importance during the last 60 years or so have 
been described by various geologists and meteorologists. 

The Peninsular part of India is immune to all but very minor shocks 
which are occasionally recorded. These may be due to local disturbances 
produced along the fractured western coast of India or to the sedi- 
mentary loads deposited in the sea by the larger rivers. The sym- 
pathetic shock reported at Cochin at the time of the Bihar earthquake 
of January 15th, 1934, is apparently of such a nature. 

Earthquakes of considerable intensity occur all along the fold belt 
of the Baluchistan, Himalayan and Burmese arcs. Occasionally also 
they have occurred in the floor of the Gangetic depression and in and 
around the fractured horst of the Assam plateau. The Bihar earth- 
quake of 1934 is attributed to movement in the fractured and alluvium- 
filled floor of the fore-deep (Dunn et. al. 1939), while the Dhubri earth- 
quake of 1931 was caused by adjustment along the faulted north-western 
margin of the Assam plateau (Gee, 1934). The Cutch earthquake of 
1819 (E. D. Oldham, 1926) may be attributed to a fault at the junction 
of the folded sedimentaries of Cutch and the Archaean rocks lying to 
their north, or to a zone parallel to it within the folded rocks themselves. 

In the Assam-Burma region, seismic phenomena may be manifested 
along one of the overthrusts of the Burmese arc ; along the faxilt zone 
which separates the above mountain belt from the Tertiaries to its 
east ; or along the fault zone which separates the Tertiaries from the 
ancient sedimentaries of the Shan Plateau. 

Plate 2, showing the epicentres of earthquakes recorded by seismo- 
logical observatories in recent years, has been prepared from data con- 
tained in the recent work of Gutenberg and Kichter (1949), supple- 
mented by those from papers by Pendse (1948) and Sohoni (I960) of 
the India Meteorological Department. Epicentres of shocks originat- 
ing at shallow depths (normal) are shown by dots while those originat- 
ing at greater depths are marked by crosses on this map. The epicentres 
show a wide distribution in the Tertiary orogenio belt of Burma, the 
Himalayas, Baluchistan and Iran. There is a clear indication of a 
seismic belt in the Carlsberg Ridge system in the Arabian Sea. A very 
conspicuous clustering of epicentres of shocks of both shallow and 
intermediate focal depth occurs in the Pamir — Hindukush region where, 
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apparently, active readjustments are still taking place as a result of the 
late Tertiary Himalayan movements. Clustering on a limited scale is 
also indicated in the region of Quetta in Baluchistan. These may 
perhaps be attributed to the disturbances caused by the wedge-like 
projections of the Indian shield which are directed towards these regions 
and have produced high compression in the crust as evidenced by the 
remarkable bends of the outcrops of strata and of the orographic features. 



GEODETIC EVIDENCE 

We Lave already seen that the Himalayas are typical folded 
mountains which resulted from the compression of a geosynclinal trough* 
The core of the mountain belt exhibits large masses of granitic intru- 
sives as Well as some basic and ultrabasic rocks. On the convex side 
of the mountains, i.e., on the side of India, there is a trough filled with 
Pleistocene and Becent allulriuna. 

Gravity observations in India show that there are several Clones and 
areas of positive or negative anomalies, after corrections have been 
made for topography and isostasy (Plate 3). It is now generally accep- 
ted that irregularities of surface topography are more or less compensated 
for by excess or deficiency of matter, as the case may be, in the lower 
crustal layers and that at some depth, of the order of 60 miles, complete 
compensation or equilibrium is attained. In spite of nature’s effort at 
isostatic compensation, there are many regions where notable anomalies 
exist, particularly in folded mountains, in ' island arcs ’ and in ocean 
deeps near them, whatever hypothesis of compensation is advocated 
and applied. Such regions of marked anomalies always indicate geo- 
logical instability, foreshadowing further changes. 

Prom an examination of the plumb-line deflections in India, Sidney 
Burrard of the Survey of India came to the conclusion that the effect 
of the Himalayas was modified by the presence of heavy or light masses 
of sub-crustal rocks in certain regions. He thus deduced the presence 
of a sub-surface ridge of heavy rocks running across India roughly east 
to west through the region of Jubbulpore, and a parallel zone of light 
rocks passing through Belgaum and hfellore in South India. The 
former is often referred to by the Survey of India as ‘ Burrard’s Hidden 
Range ’ on the supposition that the heavier layers of the earth’s crust 
{Sima and peridotite layers) have here come nearer the surface and 
formed a sort of anticlinal ridge. The corresponding zone of lighter 
rocks in South India (hTellore-Belgaum) is referred to as ' Burrard’s 
Hidden Trough expressing the idea that the lower layers of the crust 
have been depressed into a synclinal trough which is occupied there- 
fore by a larger thickness of the light rocks of the upper crust. North 
of the ' Hidden Range ’ is another parallel zone, passing through the 
valley of the Indus and Brahmaputra rivers and Manasarowar Lake, 
beyond the main Himalavan range, which is also a ' trough (Glennie, 
1932, Chart I). 

According to Glennie (1932, p. 3), the sedimentary trough of the 
Himalayas is deepest along the Indus-Brahmaputra valleys north of 
the main Himalayan range. This trough line follows the general curva- 
ture of the Himalayas while the ' Hidden Range ’ and the ' Hidden 
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down of tlie upper crust in front of tiie convex mountain arc. The 
Brahmaputra Valley in Assam is a continuation of the same feature. 
It was first thought that the Gangetic Valley was a V-shaped depres- 
sion fi-Ued with alluvium having a thickness of perhaps up to 50,000 ft. 
(Burrard, 1912). Such a thickness has since been shown to be im- 
probable by Jeffreys (1929, p. 201). Some geophysical measurements 
made in Bihar after the 1934 earthquake show that the alluvium is 
about 6,000 ft. thick there. It is not known whether this is an average 
thickness or the maximum. In any case, an upper limit of perhaps 
10,000 ft, for the thickness of the alluvium is now thought reasonable. 

To the north of the Himalayan region is a belt of negative anomalies 
passing through the Pamirs and Ferghana Valley where the free-air 
anomalies are said to attain magnitudes of about minus 150 milligals. 
From the isostatic anomalies for this region, worked out by using 
different hypotheses, it has been deduced that the crust here (i.e., the 
sial) may be as much as 22 to 35 km. thick (Gulatee, 1940, p. 55). 
Mushketov (1936) has suggested that this region is one of recent uplift 
in addition to having been affected by the Himalayan orogeny. 

Vening-Meinesz explains the formation of mountain chains as due 
to a downward buckling of the sial deep into the sima. During the 
process, the down-buckle reaches into the peridotite layer, the material 
from which rises up into the axial part of the fold. Later basic and 
acid magmas are injected profusely into the same region and large intru- 
sives of granite result from the remelting of the sial crust which has 
been depressed. It is the deep down-buckling of the sial which gives 
rise to negat ve anomalies along the zones of mountain building. The 
down-buckle causes the displaced basic magma of the basaltic layer to 
rise on either side of it, producing somewhat broader zones of positive 
anomalies ; but the positive anomalies are, as a rule, smaller in magni- 
tude than the negative anomalies of the down-buckled zone. 

In a subsequent paper, Glennie (1940) has explained the various 
regional anomalies as due to local up warps or down- warps of the sub- 
crustaj^ heavy layers. In some cases they have no direct connection 
with the surface geology. For example, though the Deccan Traps 
occupy a large area, the anomalies are by no means unifo m over that 
area and are indeed erratic. A belt of high positive anomalies runs 
through the Gulf of Cambay and along the Bombay coast, which may 
be attributed to basalt having come up comparatively close to the sur- 
face. A similar upwarp of the basaltic layer may also be present along 
the western end of the Satpuras by the side of the Narbada river. 

There are, however, a few interesting coincidences between the crusta 
warp map and the surface geology. For instance, the highly com- 
pressed, granite-injected Archaean ranges of the Aravallis, Dharwars 
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and Satpuras, the Assam Plateau and Shan Plateau are regions of posi- 
tive anomaly, while the Guddapah basin of Madras, Chattisgarh and 
Gwalior which contain thick unmetamorphosed sediments are zones of 
negative anomaly. 



Fig* 20. — Gravity Anomalies (H. Values) in Assam and Burma. 

(After P. Evans and W* Crompton) 
{By Courlesy of the Geological Socieiy of London) 

In a recent paper, Evans and Crompton (1946) have given the results 
of the gravity survey of the Assam-Burma region in which gravity 
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observations were recorded at about 6,000 stations. In addition to the 
conventional isostastic anomalies, they have also computed the ano- 
malies after carrying out corrections for local geology. The geological 
corrections have been carried down to a depth of 11*6 kms., as data 
about the formations and their specific gravities were available from, 
extensive records of bore-holes put down for petroleum by the^ Burmah 
Oil Company (Figs. 19 and 20 which are reproduced here with the kind 
permission of the Geological Society of London). 

There is a marked zone of negative anomaly along the eastern flank 
of the Burmese (Assam- Arakan) arc continuing apparently into Anda-. 
man-Nicobar Islands. This is the zone of maximum uplift during the 
Tertiary mountain building movements, containing great thickness 
of Tertiary sediments. 

There is a zone of high positive anomalies along the volcano belt of 
Burma, containing the volcanos Taungthonion, Wun-tho, Monywa, 
Popa, Barren Island, etc., continuing into the volcano zone of Sumatra 
and Java. The Shan Plateau shows only weak positive anomalies as 
it is a long time since it experienced mountain building activity. 

The Assam plateau is a region of high positive anomalies- There is 
little doubt that it is continuous with the Bihar Archaeans. The Upper 
Assam Valley as well as the Ganges Valley in Bihar are regions of nega- 
tive anomaly as they are troughs filled with thick recent sediments. 

It is a matter of interest that the Bed Sea is an area of positive 
anomalies in contrast with the East African Rift Valleys which show 
negative values. Though the Red Sea is generally considered to be 
part of the Bift System, the rift here is of large dimensions and partakes 
of the character of the much larger rifts of the Atlantic and Indian 
Oceans. The Red Sea bottom, it would appear, is largely denuded of 
its sial crust and the basaltic sub-stratum must be fairly close to the 
sea bottom. Bullard (1936), who investigated the gravity conditions 
of the East African Rift areas, is of the opinion that these rifts were 
not tension fractures but were really formed by compression and faulting* 

Vening-Meinesz found that the anomalies over large parts of the 
Atlantic Ocean are positive, of the order of +36 milligals (Hayford 
values). Since both the Atlantic and Indian Oceans are thought to* 
have been formed by rifting and by the drift of the sides apart, they 
should show closely similar characters, including gravity anomalies. 
The Mid- Atlantic and Mid-Indian Ocean ridges should also show simi- 
larity to each other as they have evidently been formed as a result of 
the same cause and in an identical manner. 



SUMMARY AND CONCLUSIONS 

We have seen that India, excluding the mountain belts surrounding 
it in the north, is an ancient stable mass or ^ shield ^ which has suffered 
little folding since the Pre-Cambrian. The ancient grain is along four 
major regional trends : — . 

(i) The Aravalli trend in Eajputana (NE.- SW.) spreads out 

in Gujarat, one branch going into the laccadives through 
the Gulf of Cambay and the other into Mysore and Hyderabad. 

(ii) The Dharw'arian trend (NNW-SSE) of Mysore and Hyderabad 

is most probably the southerly continuation of the Aravalli 
trend. The trend in the southernmost districts Madura 
and Tinnevelly), in north-eastern Hyderabad and in the 
hinterland north-west of the Eastern Ghats in Orissa and 
parts of the Central Provinces, which is NW-SE in general, 
may be the extension of the same Dharwarian influence. 

(iii) The Eastern Ghats trend is characteristically NE-SW all 

along the Eastern Ghats from north-east Orissa to the 
Kistna river. The northern part occupies a broad area, 
in the western half of which the trend is NNW-SSE as seen 
typically in the Tron-ore Series and ircn-ore ranges of Keon- 
jhar-Bonai-Singhbhum. In the Nellore region bordering 
the Cuddapah Basin, it shows a sigmoidal curvature with a 
slight convexity to the east and finally veers to the SW 
near Madras and to the ENE-WSW in Coimbatore and the 
Nilgiris. It is thought that the same trend becomes E-W 
in South Malabar. ♦ 

It will be noticed that this belt cuts across, and is super- 
posed on, the Dharwarian trend, separating the Mysore from 
the Madura-Tinnevelly areas. 

(iv) The Satpura trend (ENE-WSW) characterises the rocks of 

Narbada-Son drainage region continuing into northern Bihar 
and the western part of the Assam plateau. A southerly 
branch is seen in Nagpur -Chindwara-Balaghat region of the 
Central Provinces, and Gangpur and Singhbhum further east. 
The area between the two is occupied by granites and gneisses 
with the same general trend. At its western end it appears 
to merge into the Aravalli trend where the latter splays out 
widely. In Bhandara in the Central Provinces, and in 
Southern Gangpur in Orissa, there are two small areas where 
a triangular pattern duo to the coming together of these 
trends is seen. 
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Regarding tlie relative ages of the orogenies which hav^'e produced 
the above regional strikes, it would appear that the Aravalli and Dharwar 
. are identical. The Eastern Ghats trend which is superposed on (and 
flows around) the Dharwarian seems to be younger. There are indica- 
tions in Gangpur (Orissa) that the Satpura trend is younger than the 
one whose vestiges are found there, presumably the Eastern Ghats 
trend. Holmes has come to the same conclusion from structural con- 
siderations as well as from data on the age of radioactive minerals found 
in pegmatites traversing these belts. But, as Fermor has pointed out, 
this does not settle the ages of the Archaean and Pre-Cambrian forma- 
tions of the different regions. 

On the Archaean basement were laid down thick deposits of Algon- 
kian age (Cuddapah and Vindhyan), remnants of which are found in the 
Cuddapah basin of Madras, the Chattisgarh-Mahanadi area of the 
Central Provinces and Orissa, and the great Vindhyan basin of upper 
India. The Cuddapahs are more disturbed than the Vindhyans which 
have generally suffered little or no folding or metamorphism. The 
eastern margins of the Cuddapah and Chattisgarh basins and the southern 
margin of the great Vindhyan basin have suffered some folding and 
disburhance from forces which followed the older trends of the particular 
areas. The western margin of the great Vindhyan basin is marked by a 
fault of great magnitude along which the Aravallis and Delhis have been, 
uplifted and thrust against the Vindhyans, probably in the Mesozoic. 

* The Gondwanas were ushered in by a great ice-age. Over the 
initial tillites were laid down fluviatile and lacustrine strata containing 
the Glossopteris flora and coal seams in the Permo-Carboniferous and 
Permian. This was followed by semi-arid conditions characterised by 
red sandstones and sandy clays with amphibian and reptilian remains. 
Again followed a more moist era in the Upper Gondwana (Jurassic), 
characterised also largely by fluviatile and lacustrine sediments in which 
the flora is of the Thinnfelclia-Ptilophyllum group. Marine incursions 
appeared on the eastern coast showing that this coast was already 
taking shape in the Jurassic. The Rajmahal area appears to have 
undergone some slight folding in Upper Triassic times, followed by 
eruptions of basic lava in the Middle Jurassic. The marine deposits 
■ on the eastern coast are apparently Upper Jurassic to Neocomian. Then 
occurred an uplift and erosion, as a post-Jurassic peneplane is recognised. 

To the north and northeast of India, there was a sea from the Cam- 
brian onwards. The Cambrian sea stretched into Indo-China and South- 
west China and into Australia. During the Ordovician and Silurian, 
this sea connected with the American area probably through Southern 
Europe, while the Burma-China sea connected with the Baltic. In the 
Middle Devonian, the barrier separating the above mentioned two seas 
seems to have been removed, at least partially. In parts of the Hima- 
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layan area there seems to have been marine regression and shallow^^ 
of the basin in the Devonian. 

The Middle to Upper Carboniferous Hercynian revolution, which 
brought into existence several mountain ranges in Central and Northern 
Asia, also saw the establishment of a great latitudinal geosyncline (the 
Tethys) stretching from the Alps through Iran, Baluchistan. 
Himalaya, Burmese and Banda arcs to New Guinea and also into Western 
Australia. At the same time, Gondwana sedimentation was initiated 
in the Southern Continent (Gondwanaland). An arm of the sea, pro- 
bably very narrow^, seems to have extended in Permian times to Rewa 
in Central India from Southern Rajputana through Cutch and the Nan 
bada Valley, but the Tasman geosyncline of East Australia was cut off 
from the Tethys in Lower Permian. Sedimentation continued in the 
Tethyan basin right through the Mesozoic, till it was broken up by the 
Himalayan orogeny in the Upper Cretaceous and Tertiary. 

A rift, which later developed into the Indian Ocean, was formed 
between Africa and India-Madagascar in the Permian. This was 
gradually widened subsequently. This rift extended southward into 
Patagonia in the' Cretaceous. India began to drift from Madagascar 
^'and Africa perhaps also in the Cretaceous. 

The Red Sea rift appears to have developed in the Upper Triassij® 
«nd Arabia, aim drifted north-east, with probably an anti-olockw’ise 
twist in the Cretaceoi^. 

The Callovian unconformity (regressions) in the Himalayan area is 
more or less coincident with the marine transgression over Southern 
,!jg,ajputana and Cutch. To the south of Cutch and Kathiawar there 
must have been land, i.e., a westward extension of the Peninsula 
which seems to have been faulted down in the Miocene. 

The Middle Cretaceous was a period of intense orogeny in Oman. 
As a result, the sediments of the Oman basin were pushed back to the 
north-east and uplifted into mountain ranges, accompanied by erup- 
tions of lavas and intrusive granites and serpentines. It would appear 
that, because of the northerly drift of India at the same time, a 
milder orogeny took place in the Baluchistan arc accompanied by 
•’volcanics and intrusive serpentine, assigned to the Upper Cretaceous. 
There is evidence of a shallowing of the margins of, and of -the intrusion 
of ultraba^ic rocks into, the Himalayan area of the Tethys at about 
this time. The Jurassics of Cutch were folded and the folding move- 
ments apparently affected the Gondwana sediments of the Narbada- 
Son Valleys. The Great Boundary Fault of Rajputana, along which 
the Aravalli belt was thrust up against the Vindhyans on its east, may 
also have been formed at this time (or earlier), as it is a compression 



plfeixomenon^ aad is pre-Deccan trap in age. That is to say, the com- 
pressive effects on the Baluchistan arc may have been felt in the Aravalli ■ 
belt which was overthrust in a south-easterly direction on the Upper 
Vindhyans. The Burmese are, continuing through the Nias-Mentawai 
ridge into the Banda arc was folded in Laramide times, a little later 
than the period of folding of the Oman and Baluchistan areas. In 
this long belt, the Laramide orogeny initiated by the northward drift 
of India would appemr to have been helped by a similar drift on the 
part of Australia and New Guinea at the other end. At the same time, 
the stable mass of Cathaysia and Indo-Ohina were probably gradually 
spreading out to the east and south, contributing thereby to the forma- 
tion of island arcs. 

li Then followed a period of tension during which the Deccan Traps 
ywere erupted at the end of the Cretaceous and in Lower Eocene. Vast 
'^amounts of lava have risen through the weak zojjies of Cutch, Kathiawar, 
*the Narbada Valley and alongside the Aravalli axis parallel to the 
Bombay coast as well as through numerous fissures elsewhere. The 
later dyke swarms are largely confined to the above mentioned zones in 
western India and may have been intruded late in the Eocene. Fault- 
ing occurred later, as a result of which segments of the crust in 
these areas have foundered differentially, 
ft 'ffie Gondwana trough faults may have been i^ormed any time after 
11 the Jurassic, as precise data on the age of the trough-faults are lacking. 

' ’ The great^ Cenomanian transgression invaded 'parts of South India, 

A^sam-Burma, West Australia, Madagascar and East Africa. From 
this time onward, these areas show an Indo-Pacific fauna while Arabia, 
Baluchistan and the Narbada Valley were invaded by a gradually 
increasing Mediterranean element which came through Syria and mingled 
to some extent with the Indo-Pacific fauna. 

The Himalayas were formed during a series of great orogenic move- 
ments separated by periods of comparative quiescence. The initia- 
tion of .deformation seems to have taken place in Upper Cretaceous. 
Heim and Gansser (1939, 162-163, 173) state that the ophiohtic rocks 
are intrusive into the Upper Flysch of Upper Cretaceous age find are 
dissociated with grey and dark radiolarites of deep sea deposition belong- 
ing to the Tibetan zone. The deep sea deposits must represent the 
period when the downbucklmg was taking place. The exact dating . 
of the ultramafic intrusions must await further work in tbe Central || 
Himalayas. The later movements took place in up nermost Eocene . I : 
i n Middle Miocene , at the end of Pliocene, in Pleistocene and even in 
Sub-Becent times., The Mid-Miocene orogeny is considered to be thel 
most violent of all when great' masses of granite were intruded into the 
axial' region of the main Himalayas. The succession of mighty ranges 
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oue bsliind the other, the great magnitude of the thruat-sheots (nappes) 
anS. the vioJ^it disarray of the rocks, all point to a tremendous shorten- 
ing of the crust in a direction at right angles to the Himalayan arc, 
amounting to many hundreds of miles. In the Banda arc there were 
movements in (0 Oligocene, Mid-Miocene (e4), Upper Miocene (f2) 
and early Pleistocene, the Upper Miocene one being the most intense. 
From the data on palaeogeography and"’"dIastr:^hTsm‘™cohfaihM''W 
UmbgroAm’s recent publication (1949) it is clear that it is the outer arc 
of the East Indies (the belt of negative anomalies) that corresponds to 
the axis of the Burma- Andaman arc. 

Within India, the Assam wedge lying in the angle formed between 
the Himalayan arc on the north and the Burma arc on the east and 
south-east, was overthrust from both the sides. Faults developed 
around the Assam Plateau and it was uplifted in or about the Middle 
Miocene. 

There was a marine transgression of Middle Miocene age along the 
coasts and this separated Ceylon from the mainland by a very shallow 
sea. At the same time a strip of unknown extent which certainly 
included the southern part of the Aravalli belt, was faulted down along 
the West Coast, giving the final outline to that coast. The Mekran Coast 
was faulted down in the Pliocene, for we find Upper Miocene sediments 
ar^ involved in it. The Osnan and South Arabian coasts were ^ult^ 
in post-Eocene times,, perhaps in the Oligocene or Miocene. 

The intense mountain building movements produced a depression 

‘ fojce-deep ’ in front of the convex side of the Himalayan arc because 
of th^»l 5 ^di^g down of .the northern edge of India which came into 
opposition with the Central Asian mass. This fore-deep is not a con- 
..tinuous depression throughout tl^ length of the Himalayas, but con- 
sist^ of three strips on the same alignment, separated fi^gm each other 
by' transverse ridge-lilce structures west of Delhi and in the region east 
of Cooch-Behar. The troughs correspond more or less to a strip of. 
negative gravity anomalies. There is another negative strip \long Jjh'e 
Indus-Brahmaputra : Valleys in Tibet north of the inain Himalayan 
range. ' , ■* _ 

The last-mentioned negative strip is parallel to Burrard’s ‘ Hidden 
Kange’ and to th,|B ‘Hidden Trough’. They are separated from each other 
by a distance of about 8° to of latitude. As the latter tvro ''fe^ures 
cut across a. variety of geological formations, they are attributable to 
the dej^sffkl or elevation of the sub-crustal layers. The parallelism 
of these to the Himalayan arc, and the correspondence of the northern 
negative strip with the deep part of the Tethyan basin, indicate that 
ihey all resulted from a single cause, viz., the Himalayan orogeny 
and the nort|.ward drift of India. The Hidden Eange and Trough^ 



suggest tlie crest and trougli of a sift)-cxn^l ;9^^ave generated during 
tlie drift wMcb. has not yet had time to be smoothed ou|* 

The fore-deep, or at least the northern part of it, is doubtless under- 
lain by Tertiary and older rocks which dip down into it from the Hima- 
layas, Similarly, the rocks on the Peninsular side may also be expected 
to continue into it from the south. The bottom of the trough is likely 
to contain fractures which may have been formed when it was bent 
down. Such a fracture zone, being a zone of weakness, is thought to 
be adequate to provide a locus for earthquake shocks. Indeed, the 
Bihar earthquake of 1934 has been attributed to movement in such a 
zone underlying the Ganges Valley. • 

The two extremities of the Himalayas are marked by wedges of ^the 
Peninsula jutting out to the north-west and north-east respectively. 
The influence of these wedges is felt as far north as the Pamir region in 
the north-west and S. W. China in the north-east, for the mountain 
ranges there show conspicuous sharp bends towards the appropriate 
direction in these places. 

If we examine a geological map of the Tethyan geosynclinal belt 
from Iraq through Iran, Baluchistan, Himalaya and Burma to the 
Indonesian archipelago, we see that the general direction of the Iraq- 
Persian GuK region points directly towards Sumatra and is continued 
by the Indonesian arc. But it is violently distorted and pushed to the 
north by the foreign mass^pf India just as Southern Iran is distorted 
by the Arabian mass. It seems, therefore, not unreasonable to assumpl 
that the line connecting Iraq and Indonesian arcs was not far from 
the original position of the southern limit of the Tethyan gebsyncline 
and that the distortion of the line gives^ us roughly a measure of the 
drift of Iiidia to_ the north (or N!‘lSr. E.) and of the shortening of 
the crust by 'the compression involved in Himalayan orogeny.;, The 
distance between the postulated original position of the southern limit 
of the Tethyan geosyncliiie and the southern limit of the ICimalayan 
arc*is about 13 to 14 degrees of latitude or some 800 miles. 

Heim and Gansser (1939, p. 226) have niade an estimate of the 
original width of the sedimentary zones of the Himalayas and deduced 
the shortening of the zones as a result of mountain building. 

The zones are : — 

1. The old Gondwana continent buried under the Gangetic allu- 

vium. 

2. The autochthonous region of the Simlh Slates and the Eocene 

Suhathus, partly covered by the Siwaliks ; original width' 
^ perhaps 100 km. 
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3. The exterior sedimentary zone of the Lesser Himalaya wilh 

the Mandhali“Nagthat-Blaini-Krol“Tal succession ; original 
width perhaps 20 km. or more. 

4. The interior sedimentary zone of the Lesser Himalaya with 

unfossilifeious limestones, dolomites, shales and quartzites 
of the Tejam-Pipalkoti zone (possibly the equivalents of 
Xroi-Tal) ; this underlies the crystalline sheet and is thrust 
over the autochthonous zone ; original width perhaps 100 
km. or more. 

5. The missing normal sedimentary cover of the crystallines of 

the Lesser Himalaya which must have contained the passage 
from the unfossiliferous rocks of the Gondwana border to^ 
the fossiliferous Tethyan facies ; this must have had a 
width of at least 120-160 km. 

6. The Himalayan Tethyan zone 110-130 km. wide ; northern 

Himalayan ranges 20 km. wide. 

7. The zone of Chilamkurkur considered as the normal northern. 

extension of zone No. 6. 

8. The supposed passage zone to the Tibetan facies (Exotic blocks 

etc.) which is now entirely unknown. 

9. The Tibetan facies (Kiogad and Exotic facies) representing a 

deep-sea facies — width unknown. 

10. Zone of the Trans-Himalaya — width unknown. 

. The estimated width from the northern border of the Indian plains 
to the Exotic zone is thus, according to these authors, 100*-|-20-f 100+ 
120+100-f 20=460 km. as a minimum. The actual width of these 
zones at present is about 160 to 170 km., so that the difference between 
the two, about 300 km., would represent the shortening of the crust. 
However, it should be pointed out that this estimate may be out by 
100 to 200 per cent. 

In making an estimate of the shortening of the crust in the Indo- 
Tibetan region, it should be realised that the Tertiary orogeny affected 
the whole region from the northern border of the Iirdian Peninsula to 
the Kun Lun ranges in Tibet and formed a whole series of mountain 
ranges — the Himalaya, Ladakh-Kailas, Trans-Himalaya, Karakorum 
and Kun Lun. According to Mushketov {see Gregory, 1929, p, 178) 
the Alpine-Himalayaxx mountain building movements affected all the 
region up to the Trans- Alai where the early Tertiary thrusts are directed 
towards the north. The same author states (1936, pp. 885-894) that 
the Alpine thrusts in the Kun Lun — ^Karakorum region are superposed 
on the older (Variscan) folds. Vast portions of the Palaeozoie? 
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structures (Kunlun, Alai, Tienshan) were welded to the Tethyan folds, 
with which they form a large unit according to De Terra (1936, p. 869). 
Marine conditions in the Karakorum and Kun Lun regions gave place to 
estuarine and land conditions after the late Cretaceous upheaval of the 
Tethyan basin ; in fact, De Terra calls the first Himalayan orogenio 
upheaval as the Karakorum phase (De Terra, 1936, p. 859). The vastness 
of the region affected and the succession of the mountain ranges formed 
by the Himalayan revolution would support the deduction indicated 
above (about 800 miles) about the magnitude of the crustal shortening. 

In an indirect way, we may gauge the magnitude of the compression 
ftom a look at the geological map of Baluchistan. The Mesozoic and 
Tertiary succession (itself subjected to broad folding) seen between 
latitude 30^ N. and the submarine continuation of the Kirthar range 
off the Mekran coast at about latitude 23° K, is gathered up and tightly 
compressed into less than one-fourth of its width in the Sibi-Quetta 
region by a projecting wedge of the Peninsula. The compression of 
the Tethyan basin between the masses of India and Central Asia should 
be at least of the same order. 

The intensity of the compression of the Tethyan geosyncline has 
found expression in the great recumbent folds and thrust sheets seen 
in the Himalayan region. The lateral arcs (the Baluchistan and 
Burmese arcs) were formed at the same time by the sediments at the 
sides being comparatively mildly thrust over the north-eastern and 
north-western borders of India. Though the folding in the lateral arcs 
is often of considerable intensity it is not so violent as in the Himalayan 
region where the sediments have been piled up to form the highest 
mountain ranges in the world. The violence of the movements has 
been responsible for the almost complete absence of unbroken structures 
suitable for accumulation of petroleum in the Himalayan region. The 
Baluchistan region has suffered more than the Burmese, because of the 
presence of two wedges (near Quetta and Dera Ismail Khan) of the 
Peninsula distorting the smoothness of the arc. 

The thrust phenomena around the tips of the Kashmir and Assam 
wedges are interesting. In the former, the formations almost turn a 
full circle over to the west and south-west, the thrusts being directed 
everywhere at right angles to the strike of the rocks. The rocks have 
literally ‘ flowed ’ around the tips of the wedges and the direction of 
flow is anti-clockwise in the Kashmir wedge and clockwise in the Assam 
wedge, as pointed out by Du Toit (1937, p. 184). 

Our knowledge of the geology and the details of the structure of the 
Himalayas and associated mountain ranges is still very meagre. The 
area is large and inaccessible and it will be many years before even 
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parts of tte gaps in oni knowledge are filled up, Wadia has remarked 
1938, p. 117) 

“ The plan of the great edifice of the Himalayas is discernible only 
in the haziest outline yet. We cannot be so bold as to say 
that the Himalayas are built on the plan of the Alps, nor even 
that their architecture is individual. No doubt several tectonic 
features are common and the Alpme-Himalayan axis of earth- 
folding origmated in one common and continuous impulse. 

But the proportions are so vastly different the 

one may be like an ornately built, delicately chiselled chapel, 
and the other a huge sun-altar of rough-hewn blocks 
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Part I : The Drainage Patterns observed in India and the 
adjacent countries. 

Part II : The Development of Landforms in the Himalayas. 

I thank you most sincerely for the honour you have done 
me in electing me the President of your Section this year. I 
must refer to a very outstanding event of the year. I mean the 
conquest of Mount Everest by Tensing Norkay. and Edmund 
Hillary. This achievement is the crowning success of a series 
of British and other expeditions and augurs well for the 
co-operative effort of different nations in the cause of moun- 
taineering and exploration. 

I may also refer to the sad demise of Shri P . K. Dutt, Lecturer 
in my Department on the 28th July, 1953. He has been snatched 
away at a very young age of about 30. Indian Geography has 
suffered a great loss by his premature expiry. 

I have divided my address in two parts : I. The Drainage 
patterns observed in India and the adjacent countries. II. The 
Development of Landforms in the Himalayas. You are aware 
that in both these subjects I have been actively interested at least 
for the last decade. Among other regions in the Himalayas 

*An illustrated account of the Presidential Address delivered on the 
5th January, 1954 to the Geology and Geography Section of the Indian Science 
Congress, Hyderabad-Deccan. » ' 
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H, Jj. CHHIBBER • THE DBAINAGrE PATTERNS OBSERVED 


I have especially investigated the following and they are mentioned 
below in order of their investigation : — 

(1) The Tehri-Gangotri Region in the Tehri Garhwal 

Himalayas. 

(2) The Boon Valley and the adjoining Siwalik Range. 

(3) The Katmandu VaUey and the adjoining Nepal 
Himalayas. 

(4) The Kashmir valley and the adjoining Himalayas. 
I may add that my acquaintance with this part of the 
Jammu and Kashmir Himalayas dates back to 1922, 
when I first visited it as an M.Sc. student. Within 
recent years I have spent my several summer vacations 
in the careful investigation of this interesting region. 

(5) The Simla Region. 

All this work has been indeed strenuous, more especially 
when completed with very meagre resources. In the Tehri 
Garhwal Himalayas my kit and that of the two servants were 
carried by a single mule, while in Nepal it was transported by 
three coolies. I lived on a vegetarian diet available in the country . 

I shall now first discuss the development of various drainage 
patterns in India and the adjacent countries. 

The drainage patterns in general are to be classified into : — 
(a ) Consequent, i.e,, those which are related to the underlying 
structure and uplift of the country, (b) Insequent which bear 
no relation to the underlying structure of the region. 

I. CONSEQUENT DRAINAGE PATTERNS 

(i) The Great Himalayan Tivers \ — This group comprises 
the Ganga and its following tributaries, the Yamuna, the Sarda, 
the Gogra, the Gandak and the Kosi. They rise from the southern 
slopes of the Great Himalayas. The main features of these 
rivers have already been discussed.^ 

From an investigation of the river terraces of these rivers 
the author has arrived at the interesting conclusion that they 
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assumed their present form either towards the close of the Tertiarx 
Era or about the beginning of the Pleistocene Period when the 
Himalayas had attained their present elevation.^ 

(ii) The Lesser Himalayan Rivers : — Commencing from the 
east we have the Bagmati which rises in the range just north 
of the Katmandu Valley. Likewise the Rapti, the Ramganga 
and the Khoh together with some of the tributaries of the Indus, 
viz., the Beas, the Ravi, the Chenab and the Jhelum belong to 
this category. 

(iii) The Siivalik Rsvers : — The Hindan and the Solani could 
be cited as instances of the rivers, which take their rise in the 
Siwalik Range. 

(iv) The Rivers of the Gangetic Plains : — The Gumti, which 
has its source in the PUibhit District and the Barna or the Varuna 
which meets the Ganga near Banaras provide good examples 
of this class of rivers. 


Anterior Drainage 

In a separate communication the author has analysed the 
development of the drainage of the Ganga which presents several 
peculiar features of its own. An interesting characteristic is 
that the tributaries flowing from the south into the Yamuna 
or the Ganga, viz., the Chambal, the Sindh, the Betwa, and the 
Son are much older than the Ganga and the Yamuna comprising 
the main rivers of today. Likewise the Rihand and the Kanhar 
are older than the Son, The main tributaries flowing from the 
north, viz., the Gogra, the Gandak and the Kosi are, however, 
of the same age as the Ganga. No doubt, these tributaries from 
the south were discharging their waters into the Tethys geo- 
syncline when the main rivers, viz., the Ganga and the Yamuna 
and their tributaries from the north, had not come into existence 
yet. The older tributaries from the south form a type of their 
own and such rivers the author has styled as the anterior 
tributaries or anterior drainage. 
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B. Radial Drainage 

I have observed examples of radial ^ drainage in several 
parts of India. I have already discussed in detail the.radial drainage 
system of the highlands of Madhya Bharat (Central India) in 
bulletin No. 1 , National Geog. Soc. Ind., 1946, pp. 5-7. From these 
highland rivers flow out practically in all directions and thus 
represent a radial type of drainage. The rivers flowing to the 
north comprise the Chambal and its tributaries, Banas, etc., the 
Sindh, the Betwa and the Ken. The next important river rising 
from these highlands is the Son, which meets the Ganga near 
Dinapur. 

The Damodar practically has an easterly course and joins 
the Ganga in its deltaic portion. The Subarnarekha is the next 
river which has its source in these highlands and after following 
a south-easterly course flows into the Bay of Bengal. The Maha- 
nadi and its tributaries, which take their rise in these highlands, 
follow a somewhat easterly course. 

We now consider the rivers which rise from these highlands 
and flow to the south. The most important comprise the Wain- 
ganga and the Wardha which become tributaries of the Godavari. 
Now remain the rivers which follow a westerly course and to 
this category belong the Narbada and Tapti. It was previously 
presumed that the Narbada and the Tapti show an, abnormal 
behaviour in flowing to the west and it was not realised that 
these rivers form a part of the radial drainage of the highlands 
of Madhya Bharat (Central India). Above have been enumerated 
the rivers which definitely take their rise in these highlands 
and flow in all directions, north, east, south and west (See 

Fig. 1). 

(ii) Mount Parasnath 

The drainage of Mount Parasnath, 4,500 feet above the 
sea level in the IJazaribagh District of Bihar furnishes a classical 
example of radial drainage which has been discussed in Bulletin 
No. 18, National Geog. Soc. Ind.^ 1953, pp. 35-37. A ridge runs 
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trom the highlands of Central India definitely represent a radial type of drainage. ® 
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Fig, 2— Sketch-Map of Mount Parasnath. Note the maximum height of 4,550 feet above the sea level and also the ridge on 
which the shrines are located. From the ridge spurs are seen to descend, which enclose the valleys. The radial drainage is very 
characteristic. The streams flowing to the south did not have much chance of tributary development and mostly lose themselves 
on reaching the plateau. 
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practically east-west for about a mile. From this ridge streams 
descend in all directions (See Fig. 2). As observed from the 
highest point, i.e., the temple of Parasnath, three main streams 
are observed to descend on three sides ; on the fourth runs the 
main ridge. The streams flowing to the north form the head- 
waters of the stream marked Sita Nala on the map. The stream, 
which is crossed by the path to Madhuban is locally called the 
Gandharv Nala. The streams’’descending on the east and north- 
east form the headwaters of the Chirki Nala, a tributary of the 
Barakar river. 

The streams descending to the south have an important 
characteristic. Some of them lose themselves immediately on 
reaching the base of the hills, while others flow for some distance 
on the pleateau and then lose themselves and furnish examples 
of inland drainage on a small scale, while a few flow into the 
Jamunia Nala. The streams descendiug on to the south are 
so closely located that they cannot have much chance of tributary 
development, while those flowing to the east and west reveal 
a dendritic pattern. 

(iii) Mikir Hills, Assam 

The drainage of the Mikir Hills in Assam represents another 
example of radial drainage which has been discussed in detail 
in a separate communication. 

Likewise the drainage of the Shali peak near Simla and the 
Ranchi pleateau reveal the same pattern. 

C. Centripetal Drainage of the Katmandu Valley and 
the adjoining Nepal Himalayas 

I visited Nepal and spent the month of October, 1951 
and part of the following November in investigating the Katmandu 
Valley and parts of the adjoining Nepal Himalayas. The Katmandu 
Valley is oval-shaped and is hemmed on all sides by various ranges 
of the Middle Himalayas. It is this feature that lends interest 
to the drainage of this valley (See Fig. 3). In the north there 
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is the Sheoputi Lekh, '8,943 feet above the sea level. In the 
south there is the Phulchauki Danda which culminates in an 
elevation of 9,050 feet above the sea level. On the east there is the 
Mahadeo Range, 7,133 feet above the sea level. On the west is the 
Chandragiri Range with a maximum elevation of 8,289 feet 
above the sea level. 

Naturally the valley slopes from all sides to the middle, 
while Katmandu is located nearer its eastern end. The height 
of Katmandu, as noted on the degree sheet 72E, is 4,271 feet 
above the sea level. 

The Centripetal Drainage 

Tie Bagmati : — The main river is the Bagmati which has 
its origin in the Sheopuri Range. Almost as far as a little above 
Patan the river follows a south-westerly course, but a little above 
Patan it trends north-west. It hugs the southern fringe of the 
town of Katmandu and then begins to follow a southerly course. 
Near Chobhar it cuts a deep and interesting gorge in limestone 
where characteristic landforms in this rock are to be observed. 
Although two gorges of the Bagmati occur, yet it must be noted 
that not only the Bagmati, but its other tributaries also have cut 
some deep valleys with precipitous sides in the soft sand-rock of' 
Pleistocene age. It is these valleys which make the flat-topped 
country so highly undulating. 

It may be noted that both the valleys of Kashmir and 
Katmandu were occupied by lakes which have left important 
deposits so well exposed in the river sections. South of Pharping 
the Bagmati leaves the Katmandu "Valley and enters the Maha- 
bharat Range where it has cut a beautiful gorge. 

The Mahobra River : — ^Almost running parallel to the Bagmati 
is the Manohra River also called Manumati which has its head- 
waters near and above the interesting small town of Sankhu. 
These dendritic streams join together above and near Nayagaon 
and the main stream joins the Hanumante river flowing from 
the east near Bhadgaon. The headwaters of the Hanumante 
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Fig. 3-™-Sh.owing very characteristic centripetal drainage of the Katmandu^Valley and the adjoining parts 
of the Nepal Himalayas. The heights of the ranges bounding the valley arc shown on the map. The courses 
of the Bagmati, Manohra and the Hanumante should be carefully studied. It is the tributaries of the Hanumante 
flowing from the south and the Nakhu Khola which prove the centripetal character of the drainage* The 
streams descending from the west arc also shown, • 
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tivef have a chatacteristic dendritic pattern and the different 
streams join together to form the main stream some distance 
above Bhadgaon. , This completes the drainage from the north- 
east and the east. 

The Drainage from the South-East and South 

The drainage from the south-east and south is really very 
interesting as it reveals and confirms the centripetal drainage 
of the Katmandu Valley. These streams flow in a direction 
practically opposite to that of the Bagmati, the main river of the 
valley. Most of these streams discharge their waters into the 
Hanumante river. The course of the Nakhu Khola is very 
characteristic. This stream runs parallel, but counter in direc- 
tion to the Bagmati for more than 8 miles. It then takes a turn 
first to the north-west and then to the west before it meets the 
Bagmati. In places, e.g., near Bungmati the watershed between 
the Bagmati and the Nakhu Khola is very narrow indeed. 

The Drainage from the West 

There are streams flowing from the west and north-west. 
The former are seen to take their rise near Thankot, while the 
latter take their rise from above Ichangu. 

There are two streams flowing from the north. The stream, 
which flows by the east of the city of Katmandu has its source 
located a little below the pass marked near point 8,943 on degree 
sheet 72E. It flows past Burhanilkantha and flowing past 
Dharmpur, Maharajganj, etc. joins the Bagmati near the south-east 
corner of the city of Katmandu. Another stream known as 
Vishnumati has its source above Sangla and flows some distance 
west of Katmandu before it joins near the south-west corner 
of the city. 

Thus it will be observed from the foregoing that streams 
take their rise practically from all points of the compass and 
drain the interesting Katmandu Valley. This 'drainage presents 
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a typical centripetal pattern. It is to be noted that this type of 
drainage has not been described from India or Nepal before. 

Besides the main centripetal type of drainage the streams 
of the valley illustrate also parallel type of drainage. The streams 
flowing to the west and east of Katmandu definitely run parallel, 
while the same relationship is to be observed between the Bagmati 
and Manohra rivers. The streams from the south also represent 
another example of parallel drainage. 

Most of the streams, described above and descending from 
the surrounding Himalayas, show an interesting type of dendritic 
pattern. It is also to be noted that these streams flowing from 
all directions have dissected the Katmandu Valley which no 
doubt forms an elevated plain due to its infilling by lacustrine 
deposits. It is a curious coincidence that the lacustrine deposits 
in the Katmandu and Kashmir Valleys are of the same age 
and origin. 

(ii) The Centripetal Drainage of the Kashmir Valley 

The drainage of the Kashmir Valley is again interesting 
and centripetal in character. The Valley, which is longitudinal 
in character, is 80 miles in length and about 20 to 26 miles in 
breadth. Near Srinagar its elevation is, 5,200 feet above the 
sea level. The main river of the valley is the Jhelum which 
has its source in the Vernag spring at the foot of the Pit Panjal 
Range at an elevation of about 6,000 feet above the sea level. 
It follows a somewhat serpentinous course north-westwards 
as far as the Wular lake. In this stretch it receives important 
tributaries both from the east and the west. 

From the east it receives the Sandran, the Bring and the 
Lidar rivers. The East Lidar river which has its source in Shish- 
ramanag and the West Lidar river which takes its rise from Tar 
Sar Lake have their beautiful confluence near Pahlgam. 

The next important stream which joins the Jhelum is the 
Sind. It has its* soiorce above Sonamarg below Zojila Pass. 
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The valley of the Sind is very interesting and gets very constricted- 
in the Panjal trap country and has river terraces, so clearly observed 
near Woyil. From the sides of the valley the ice comes down 
and forms interesting ice bridges across the stream. Near the 
mouth the waters of the Sind form a delta, which partly flow 
into the Anchar lake and partly into the Jhelum. 

The Jhelum flows into the north-western portion of the 
Wular. Other rivers which flow into this large fresh-water 
lake are the Madmatti and the Erin. The Jhelum issues forth 
again from the Wular at its south-western end and follows a 
south-westerly course as far as Baramula which marks the terminus 
of the Kashmir Valley and the river enters its famous gorge. 

From the west the Jhelum again receives many important 
rivers. In the extreme south is the Vishav river which has its 
source in the well-known Konsarnag lake, 2 miles in length 
located at an elevation of 13,000 feet above the sea level and with 
a reported depth of 175 to 250 feet. It is full of icefloes till mid- 
summer. Irrigation channels from the Vishav provide very 
useful irrigation to the Kulgam area. Next is the Rembiara 
river followed by the Sasara, Romushi, Dudhganga and the 
Sokhnag Rivers. * 

The Pohru, which drains the beautiful Lolab Valley, flows 
into the Jhelum near Sopor just where it again issues forth from 
the Wular. The Pohru is an interesting river. Its headwaters 
flow from the east, north and west. Below Sopor the Jhelum 
meanders and on its either side ox-bow lakes are to be observed 
which represent the deserted bends. 

D. Dendritic Drainage 

Examples of this pattern could be given from several parts 
of India and the adjacent countries and references to some of 
them have already been made in the foregoing. The head- 
waters of the Himalayan rivers furnish excellent examples of 
this type of drainage. One of the very good examples of such 
a type is furnished by 53J/3 sheet where the streams descending 
from the hills represent an excellent pattern of dendritic drainage. 

a 
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■ But a classical example of this type of dtainage is teptesented 
by streams which have developed the ravine lands of the Yamuna, 
the Chambal, etc. (See Fig. 4). I have already made reference 
to this type in my article on “the Reclamation of the Ravine 
Lands of the Yamuna.”'^ The Yamuna is generally bounded 
by cliffs. In places they are 90 feet high, but cliffs 30 to 40 feet 
in height, are quite common. The slopes being somewhat 
steep near the river, are admirably suited for the action of rain 
and running water and- to begin with small guUies and ravines 
are formed. First the main ravine is formed and subsequently 
lateral ra-dnes develop and this process goes on repeating until 
the land is carved into numerous dendritic ravines. After the 
carving of these ravines the process of integration would set 
in. The development of these ravines in this soft Older Alluvium 
of the Yamuna, the Ganga, the Narbada, etc. furnishes a .classical 
development of dendritic pattern in its different stages. I have 
observed that wherever there is steep slope formed by cliffs, etc, 
there is ideal oppommity for the initiation, rapid development 
and headward extension of the dendritic type of drainage. Like- 
wise whenever there is a change from hard rock to the soft alluvium 
e.g., on the southern basal slopes of Mount Parasnath, this dendritic 
or ravine type of drainage has developed. 

E. Types of Drainage associated with Uniclinal Structure 

The region of uniclinal structure has a steep scarp on one 
side and it slopes gradually as a plateau and may terminate in a 
ghat. This type of structure is very characteristically observed 
in the Vindhyas south of Mirzapur in Uttar Pradesh. About 
6 miles south of Robertsganj there is the well-marked 
escarpment of the Vindhyas about 1,300 feet above the sea 
level. It gradually slopes to the north for about 35 miles 
in a direct line until it terminates at Rajghat, 571 feet above the 
sea level. Two types of drainage patterns are observed : (i) which 
takes its rise near the escarpment and traverses the whole width 
of the plateau and receives tributaries. It forms the trellis pattern 
of drainage, (ii) The streams which descend direct from the 
escarpment. . • . 
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(i) Trellis Pattern of Drainage 

The plateau of the Vindhyas south of Mirzapur VT-ith a 
scarp exceeding 1,300 feet above the sea level in the south and 
a ghat 571 feet above the sea level in the north has been referred 
to above. The rise of the plateau is quite gentle, in places it 
appears almost like a flat plain. 

Of course from the plateau rise butts which again reveal 
its general structure on a small scale. From near the edge of 
the plateau rise streams which flow northward and receive tribu- 
taries from the east and the west and exhibit an excellent trellis 
pattern of drainage. The rocks are well-bedded showing a very 
gentle dip hardly exceeding 5° in places. The rocks are hard 
sandstones metamorphosed into typical quartzites. They form 
cascades and 'waterfalls in places, e.g., the Wyndham Falls. 
Where the plateau terminates in the north the waters of the streams 
descending from it develop waterfalls. One such very good 
example is furnished by the Tanda Falls, about 9 miles from the 
town of Mirzapur. There has been, a gradual recession of this 
waterfall and a beautiful gorge, about half a mile in length has 
consequently developed. During the monsoon there is a good 
waterfall which reduces to a trickle during the dry season. It 
could be developed into a storage reservoir which could be used 
at least for irrigating the plains below. A reservoir has been, 
formed to the east for irrigation purposes. 

(ii) Escarpment Drainage 

This is the type of drainage which actually descends from 
the scarp of the plateau. These streams are generally short in 
length and may develop hanging valleys and waterfalls in humid 
regions. A remarkable action of this t 3 rpe of drainage lies in 
the recession of the scarp. In India I have observed several 
good examples of this pattern. As noted already, a very good 
example is provided by the scarp of the Vindhyas, about 6 miles 
south of Robertsganj. The course of these streams is obsequent 
on the plateau, which form hanging valleys much above the 
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main valley. They generally fall over the scarp face and in humid 
regions with storage could be the source of the hydel power. 

Rohtas Plateau 

Likewise this pattern of drainage is also to be observed 
in the Rohtas Plateau where again, besides the characteristics 
noted above, the streams flowing over the plateau and the scarp 
have been responsible for the recession of the scarp which must 
have existed originally on the edge of the Son. Even from its 
present edge there has been a recession of about 4 miles, but in 
some cases, e.g., in the case of the Durgauati Nala, the recession 
has been to the extent of about 16 miles, while in the case of the 
Ausanne Valley in the south it has been to the extent of at least 
8 miles and now the northern and southern edges are only a 
little more than a mile apart. - . . 

Westerly Drainage of Peninsular India 

But the classical case of this pattern is represented by the 
westerly drainage of the Western Ghats. They comprise the 
short and torrential rivers which take their rise in the Western 
Ghats and discharge their waters into the Arabian Sea. South 
of the island of Bombay are the Amba, Kundalika, Savitri, 
Vashishta, Shastri, Kajvi and the Vaghotan rivers. These rivets 
are enumerated from north to south as far as 16°30' North latitude. 
It is noteworthy that all these rivers have their courses in the 
Deccan Trap. 

The West Coast of India owes its origin to the breaking 
up and founderiag of the part of Gondwanaland under the Arabian 
Sea, but there is no doubt that the coast underwent further sub- 
mergence later as is proved by a number of facts. The submerged 
forests of Bombay offer a clear testimony to that effect. The 
nature of the creeks with branching inlets represents ria type 
of coasthne. 

The Peninsular rivers also furnish examples of parallel 
drainage and wherever, centrally elevated regions occur, somewhat 
radial patterns may be formed. 
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n. INSEQUENT DRAINAGE PATTERNS 

(i) Antecedent Dtainage 

This type of drainage including the Brahmaputra, the 
Sutlej and the Indus is familiar, but -while investigating the Tehri 
Garhwal Himalaya I found that the Jahnavi or the Jadh Ganga^ 
which meets the Bhagirathi near Bhaironghati, some six miles 
below Gangotri furnishes another example of an antecendent 
river which has its source in Tibet. All these rivers take their 
rise a considerable distance north of the Great Himalaya marking 
the line of the highest peaks. They represent the oldest of the 
Himalayan rivers and are older than the mountains through 
which they flow. They have kept their channels open as the 
uplift of the mountain and their erosion by rivers went on pari 
passu. 

(ii) Superimposed Drainage 

Examples of this type of drainage are common in Peninsular 
India. The original drainage may have been established in the 
Deccan Trap which by its erosion is now superimposed in the 
Archaean rocks. 


(iii) Thrust Superimposed 
Drainage of the Shali Area near Simla 

While examining the drainage patterns of India I came 
,|cross a new t^ype of drainage in the Himalayas hitherto unrecorded 
in books on Geomorphologyl It is the drainage of the Shali 
area near Simla. W. D. West^ has described the structure of the 
area but made no reference to its drainage. In this case 
the Chail series of Purana age has been thrust as a flat sheet on 
younger Tertiary rocks and the underlying Shali series presum- 
ably of Krol age. The Shali peak is 9,406 feet above the sea 
level and is composed of upper Shali limestone and quartzite. 
From this peak streams descend in a radial pattern. The streams 
flowing to the east, south-east, south and west form tributaries 
of the Nauti Khad, while the streams tunning to the north .flow 
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mto the Sutlej. There is no doubt that this drainage must have 
been originally established in the oldest rocks of the Chail series. 
It was gradually denuded away and the drainage established itself 
on the, underlying younger rocks of- Tertiary age and also on the 
Shali- series. The physical regions and topography as also the 
geology of the area have been described in a separate communi- 
cation. Likewise a concise summary of the elements of structure 
has. also been given. 

The drainage of this region is represented by the Sutlej and 
its main tributary the Nauti Khad. Their courses are interesting 
and their account has been included ia the original communication. 
It is the work of the Sutlej and its tributaries which has revealed 
this new type of insequent drainage (See Fig. 5). 

Sequence of Events 

✓ 

The sequence of events in this region is as follows. The 
rocks of the Shali series, tentatively referred to Krol Nappe, 
were in position before the deposition of the Sabathu beds of 
Lower to Middle Eocene age. Then the Dagshai beds of 
Lower Miocene age were deposited on them. Apparently during 
the second phase of the Himalayan uplift about the middle of 
the Miocene the Chail series were pushed from the north as a 
practically flat sheet covering the pre-existing Shali series and 
the Tertiary rocks. In post Mid-Miocene times the drainage 
of the region comprising the Sutlej and its tributaries began to 
establish itself on the Chail series. 

By the action of the rivers and rain the cover of the Chail 
series was denuded and the drainage began to establish itself 
on the Tertiaries and ultimately on the underlying Shali series 
of Krol age. The region with the third phase of uplift of the 
Himalayas must have been further elevated and it must have 
attained almost its final elevations at that time. The establishment 
of the drainage and its subsequent superimposition on to the 
underlying younger rocks therefore dates back to the close of 
the- Tertiary or the beginning of the Quaternary Era. 
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(iv) Migratory Type of Drainage 

I have already shown in my work on “Westerly Drift of 
Rivers of Northern India and Pakistan” that no reference is 
found in important works on Geomorphology about this drift of 
rivers, particularly those of India and Pakistan. The westward 
drift of rivers of Northern India even during historical times is 
very remarkable. It is noteworthy that such a migration is 
observed in the case of practically all rivers of Northern India 
and Pakistan. This marked westward migration is to be observed 
in the case of the Brahmaputra, the Bhagirathi in Bengal, the 
. Kosi, the Gandak, the Gogra, the Son, the Sutlej, the Ravi and 
the Indus. For details the interested reader is referred to the 
work cited above.'^ In some cases this migratory movement 
has been to the extent of 120 miles or even more. It is striking 
that in this westward drift the rivers are shifting to the higher 
lay of the country. 

Although it has been shown that practically all rivers of 
Northern India and Pakistan show this westerly migratory move- 
ment, but the Kosi indeed provides a classical example of this 
. type of migration. It has shifted to the west by about 75 miles 
during the last 200 years (See Fig. 6). This river by its floods 
and shifting of its course has played a regular havoc almost every 
year with the land and people of Bihar and it has rightly earned 
the title of the ‘Sorrow of North-Eastern Bihar’. It has been 
undergoing a steady westerly movement for hundreds of years. 
This drift is attributed to secular causes and the law which is 
applicable to winds and ocean currents holds good in the case of 
river currents also. 

The next river is the Gandak which meets the Ganga near 
Patna. The Burhi (old) Gandak which runs roughly parallel 
to and east of the Gandak is believed to mark the old channel 
of the main river (See Fig. 7). This represents a westward' migra- 
tion of the river to a distance of about 90 miles in a direct line 
as judged by the distance between the confluences of the Burhi 
Gandak and the, Gandak with' the Ganga. * • 
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. A little farther to the west the Son joins the Ganga from 
the south. It is also noteworthy that the confluence of the Son 
and the Ganga has been gradually shifting and the deserted channels 
of the Son are to be observed between Bankipur and Dinapur 
and even as far as Patna. The ancient Patna or Patliputra was 
a very flourishing city on the Ganga till the 5th century A.D. 
It is stated to have been located near the confluence of the five, 
great rivers, viz., the Gandak, the Gogra, the Ganga, the Son 
and the Punpun. Some of these rivers do not join the Ganga 
at Patna and their confluences have been shifted by many miles. 
The Gogra now meets the Ganga many miles west of Patna. 

I have already referred to the easterly drift of the Son between 
Rohtas and Dehri in the Shahabad District of Bihar.® It originally 
flowed below the pleateau of the Vindhyas in this region, but it 
has gradually drifted to the east .and its present course is some 
miles away from the edge of the plateau. 
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Fig. 7 — Showing the courses of various rivers near Patna. Note the confluence of the Burhi 
Gandak, which represents an old channel of the Gandak, with the Ganga. Likewise the confluences 
of the Gogra, the Son and the Punpun with the Ganga have all shifted. Note the streams flowing 
from the south which run parallel to the Ganga for a considerable distance before joining it. 




Part II ; The Development of Lan^fotms in the Himalayas. 

The Himalayan Landscape 

No doubt landforms are of great importance to a geographer 
as they play a fundamental role in determining man’s activity. 
The influence of the Himalayas in determining not only its own 
climate, but that of the plains of India to the south and the plateau 
of Tibet to the north would be familiar to any serious student 
of geography. It is well known that climate determines products 
of a region. Naturally human activity in the Himalayas is certainly 
different both from the plains of India and Pe n insular India. 
The agriculture in the Himalayas on terraced fields, method of 
irrigation, where possible, the habitat of the people, their trade, 
their communications are all different from the regions, referred 
to above. 

There is, therefore, no doubt about the importance and 
interesting character of the study of landforms, but those of the 
Himalayas remain unparallelled in their beauty and grandeur. 
Here occur the highest peaks of the world, some of them eternally 
covered with silvery snow giving rise to mighty glaciers and 
rivers developing very remarkable landscape by their action — 
a landscape which if you might see even from a distance, e.g., 
the view of the snow-peaks against the Alpine or red glow of 
the morning or the evening sun might leave a lasting impression 
on the mind. 

Here the relief, the geology, the structure, process and 
stage all present the greatest variety and, no doubt, reveal some 
very interesting material for study and thought to a student of 
Geomorphology, but the work in the Himalayas is strenuous 
and exacting, especially when carried out with trifling resources. 
The importance of geographical research and exploration is not 
realised in this country. The foreign countries send out costly 
expeditions, well-equipped in all detail for the sake of moun- 
taineering and exploration, while in India this asped' has-been 
3 
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scmplously neglected. Perhaps the recent conquest of Mount 
Everest may provide some stimulus. Tensing is trying to organise 
an Institute of Mountaineering at Darjeeling. As noted in the 
foregoing I have made an endeavour to explore some regions 
in the Himalayas. I have therefore chosen the subject of “The 
Development of Landforms in the Himalayas” for Part II of my 
address. This has been done also with a view as the study of 
Geomorphology has remained neglected in India, but it has 
been my regret that, restricted as I am in matter of space and time, 
it has not been possible to do justice to the subject it deserves. 

Landscape as a function of Geology, Relief, Structure, 
Process and Stage 

In my earlier co mm unications I have already discussed 
that the landscape is really a function of five variable factors 
including Geology and Relief together with Structure, Process 
and Stage as suggested by W. M. Davis. I have already 
emphasized that structure under no circumstances can convey 
a proper idea of the geology of the region which does play an 
important role in the development of the landscape. Study of 
landforms in the Himalayas has revealed that other factors being 
the same geology, as shown in the sequel, does bring about a 
remarkable difference in the development of landforms, e.g., 
those developed in the granite and the quartzites are absolutely 
different from those developed in the schists, phyllites and slates. 

The relief is equally important. There is no doubt that 
the giant peaks of the Himalayas have built unparallelled landscape 
as a result of relief. The landforms developed in the same rock 
in lowland regions are absolutely different from those of a high 
mountain region. 

Structure 

The structure of the Himalayas is really complicated. The 
nappes have been pushed forward for considerable distances 
and thrust over other rocks. But the dip-slope and escarpment 
feature^ so characteristically observed in the Siwahk Range, is also 
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to be observed in the Middle as well as in the Great Himalaya. . 
I observed this feature so commonly in the Tehri Garhwal Hima- 
laya in my trek between Tehri and Gangotri. The same feature 
was observed in the Pir Panjal Range overlooking the Kashmir 
Valley and also in the Great Himalaya including Mount Everest, 
etc. However, I have given a concise account of the structure 
of different parts of the Himalayas in my “India, Part I, Physical 
Basis of Geography of India” (Nand Kishore and Bros), 1945, 
pp. 257-263 and the interested reader is referred to it. 

Process 

In the Siwalik Range the action of rain and running water 
are the dominant agents of denudation in developing the land- 
scape, especially in carving out the ravines, on the scarp side. 

In the Middle or the Lesser Himalayas besides the two 
agents of denudation, referred to above, the action of frost also 
becomes important and this becomes responsible for developing 
talus and talus streams. As a result of jointing and gravity rock- 
falls also occur, but they are still more characteristic of the Great 
Himalaya. During winter even in the Middle Himalayas there 
is precipitation in the form of snow, and snow-beds, especially 
in the valleys, are to be observed up to the middle of May. 

Stage 

The study of river terraces has revealed that the base level 
conditions are reached when the region undergoes further upheaval 
responsible for its rejuvenation and another subcycle is initiated 
and vertical corrasion commences again. In places sk to seven 
such terraces were counted, but three to four are common which 
were formed during the Recent and Sub-Recent Periods. Frorn 
this I have concluded that the Himalayas underwent important 
intermittent uplift even during the Recent Period, in other words 
even after the third phase of the Himalayan uplift at the end of 
the Tertiary Era. This in other words corroborates the testimony 
we already have from the intensity and frequency o f the earfh- 
quakes in the Himalayas and the desiccation of* the Tifeetan 
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• lakes that the Himalayas are still undergoing uplift but 
intermittently. 

For purposes of study of landforms the Himalayas have 
to be classified geographically : — 

(i) The Si-walik Range with a maximum elevation of 
about 4,000 feet above the sea level. It has a 
maximum width of 30 miles in the western parts. 

(ii) The Middle or the Lesser Himalayas. These have 
an elevation of about 12,000 — 15,000 feet above the 

' sea level. This zone is about 50 mils in width and 
comprises a number of ranges. 

(iii) The Great Himalaya. This range has an average 
elevation exceeding 20,000 feet above the sea level. 
It consists of a single range, about 15 miles in 
width but its spurs projecting to the south extend 
for another ten miles into the Lesser Himalayan 
region. 

Landforms of the Siwalik Range 

I have made a detailed study of the development of the 
landforms in the Siwalik Range® adjoining the Doon Valley 
and it is remarkable that what was observed in this region is to 
be seen throughout the entire length of the range. This region 
is crossed by two important roads, namely the Dehra Dun- 
Saharanpur and the Chakrata-Saharanpur Roads. It reveals in a 
characteristic manner the dip-slope and scarp faces. The former 
is covered with dense Sal (Shorea robusta) forest, while the much 
steeper scarp face is highly ravined. The base of the Siwalik 
Range above the plains near the village of Mohan is about 1,500 
feet above the sea level, while the highest point Amsot is 3,140 
feet above the sea level. The maximum width of the Siwalik 
Range in this region is about 10 miles. Its trend varies from 
W.N.W.-E.S.E. to N.W.-S.E. In places the water divide is 
well-defined, while in others it is very irregular with the result 
that l^j^jiitainage on either side is overlapping. In places the 
tzage is traversed by longitudinal valleys. 






-CliflFs facing south above the right si<3e of the road with 
pyramidal and needle-like peaks. The cliffs are almost 
perpendicular and are further ravined by minor tributaries 
and are grown with grass and small bushes. Photo taken 
from 9 /5 mile on the Dehra Dun-Saharanpur Road. 

Photo z II. L,. Chhihber, 


Fig. 2:— As a result of erosion a series of dip and scarp slopes 
are to be observed, e. g., on the right side of the road a 
little less than a mile below the Timli or Dararit Pass en 
rnutu to Saharanpur. 

o Photo ; H. Lr. Ckhibber. 
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The climate of the tegioQ, tefetted to hete, is discussed iii 
the communication cited above. For purposes of erosion and 
the developmenf of landforms the year could be divided into 
two well-marked seasons : faj June-September and October- 
May. It is noteworthy that most of the erosion takes place in 
four months of June-September, which plays an important part 
in the development of landforms in the region. 

References to the geology and relief of the region have 
been made in the. communication cited above. The structure 
is characterised by asymmetrical anticlinal folding with the 
development of gentle dip-slopes and steep escarpments. 
The vegetation on the two slopes has been described' and it is 
note worthy that on the scarp side it suffers a remarkable change, 
both in its composition and density. Shorea rohusta, which 
is prolific and has a majestic growth on, the dip-slope 
facing north practically becomes insignificant on the scarp side. 
The Siwaliks on the escarpment side form high cliffs with sharp 
peaks. From the peaks descend spurs which are really very 
sharp-edged. In places the form of peaks is pyramidal. (See 
Plate 1 Fig. 1 ), conical and almost needle-like. The steep 
scarp slopes of the Siwalik Range are practically bare and deeply 
ravined and this results in the menace of soil erosion. 

Near the Kali Temple on the Saharanpur side of the Timli 
or Dararit Pass, water level in a masonry well at an elevation of 
2,100 feet above the sea level in October, 1950 was found to be 
only eight feet from the surface. Landslides in the soft uncon- 
solidated rocks occur very frequently. The Siwalik Range shows 
a beautiful serrated crest (See Plate II Fig. 1). 

The hills in the neighbourhood of Hardwar form elongated 
ridges running in ah E.N.E. — ^W.S.W. or N.E. — S.W-. direction, 
the elevation varying 'from 1,301 to above 2,000 feet above the 
sea level. On the sides of dip slopes a series of 3-4 sandstone 
cUflFs, almost perpendicular, are to be observed. It is interesting 
to observe a series of re-entrants in these cliffs. Two small 
falls were observed in the thickly-bedded sarfdstones ®while 
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descending from the Mansa Devi Temple to Suraj Kund. Water 
courses are generally bounded by cliffs. Below Hardwar where 
the Ganga enters its plain career, its channel is highly braided 
with numerous wooded islands, almost simulating deltaic 

conditions. 


Landfdtms in the Middle Himalayas 

As a result of normal erosion deep gorges have developed 
in hard rocks like the granite and the quartzites. The rivers 
descend through transverse and longitudinal valleys. In the 
former case the gradient being steeper the foaming water rushes 
forth practically as a torrent with the result that deep narrow 
gorges are formed, while in the longitudinal valleys the watefcs 
run more placid generally forming more open and broader valleys. 
In the schists and the phyUites broad open valleys are formed. 
The soil being suitable and the slopes being somewhat gentle 
they are generally terraced for purposes of cultivation md 
consequently the settlements also occur. In the region of the sof 
rocks river terraces (See Plate II Fig. 2) commonly occur. The 
hangmg valleys and waterfalls are also formed, but these are even 
more cLracteristic of the Great Himalaya. As a result of tectonic 
movements interesting incised meanders have been formed. 
The talus and talus streams are also commonly observed, wmcti 
tend to grade themselves. 

Landslips, landslides and rockfalls commonly occur, the 

first wo in the region of soft locks, whUe the third ate chaiac- 

terisdc of mote lesisttint rocks. These traiious features haw been 
discussed in detail in the sequel. 


River Terraces. 

■ River terraces (See Plate III) are an important landform 
bordering the rivers and streams in the Himalayas. I have 
investigated the River Terraces of the Yamuna and the Tons 
Nadi in the Doon Valley’^ and also of the Bhagirathi between 
Gangot;!^ Tehrpo. The height of the terrace below Gangotri 
must he ^iOOCT feet above the sea level, while that of the lowest 




Fig* 1 — ^The serrated top of tBe Siwalik Range as observed from 
the Herbertpur-Paonta road with rapeseed and sugar 
cane fields in the foreground. 

P/iofo : HI Z-r. Chhibben 



Fig* 2 — Showing the face of the highest terrace above the road 
behind Dhanpur which runs on the lower terrace with 
the convex slopes of the hills composed of the schists 
in the background, en route to Nagini. 

Photo : jFT. JC.. Chhibber. . 








PiV 1 The terrace above the left bank of the Bhagirathi opposite 
^ Nagurn W lower portion is covered with vegetation 
while the upper forms the cliffs. It has been etched out 
bv “hanging” water courses. This upper terrace runs 
southward for a considerable distance. A little farther 
downstream of Nagun two lower terraces are to be 


observed. 


Photo : H. L.. Chhibber. 



Fia- 2— Showing well-marked river terraces in the Bhagirathi 
valley above Sarot. The photograph is taken from a 

'Tirrr“a]jfOve Sarot looking upstream. ^ 

« • Photo : H. JL. Chhibber. 
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terrace near Tehri is above 2,000 feet above the sea. These 
terraces are interesting, and important from economic and human 
point of view'. .They definitely mark the stages when’ the river 
at one time had reached its base lev^l of erosion and was then 
rejuvenated and commenced its vertical corrasion again. ‘In 
places a series of these river terraces are to be observed. In 
one place as noted already, as many as six to seven were observed, 
but three to four commonly occur. In some places these terraces 
are matched, while ki others they are not paired. The river 
terraces are, best developed in the region built of the schists^ 
phyllites and slates, while they are certainly rare in the granite 
and quartzite country, thus showing the influence of the geology 
on the development of landforms. 

Incised Meanders of the Bhagirathi 

The meanders of the Bhagirathi near Mali Dewal (30° 25' 32": 
78° 26' 50") ( See Plate IV, Fig. 1 ) are definitely incised. 
Similar incised meanders were observed near the confluence of 
the Bhagirathi with the Salalam Gad, etc. They are V-shaped, 
U-shaped and inverted U-shaped which may be narrow or acute 
or they ma.y be broad. The rivet flows through a deep gorge, 
the sides of y^hich may be 400-600 feet above the bed of the river. 
It may .culminate in a flat terrace above. 

Alluvial Fans 

The. small tributary streams of the Bhagirathi, especially 
those which have steep courses, have well-marked alluvial fans 
at their .terminus. They were observed en route from^arendranagar 
to Tehri,- particularly near Nagini. They were again observed 
between Tehri and Dharasu. ■ ’ . ’ 

Talus Streams and theit/ Grading , 

In' the case of hard rocks like the quartzite and the grarfite, 
which are well jointed, and owing to the action of frost, scree 
material, especially as a result- of rockfalls, is ver y cym monly 
observed. Here talus streams occur on the slopes^as well ^s in 
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.the watet courses. Sometimes a water course was observed 
to be literally choked with blocks of these rocks. Talus streams 
of quartzite were observed on the slopes near Sainj (30° 46' 12" : 
78°35' 15") above the right bank of the Bhagirathi. These will 
of course tend to grade themselves.^® 

Landslips and Landslides 

In the region of softer rocks comprising the schists and 
■phyllites, landslips and landslides, sometimes hundreds of feet 
in height are to be observed. These soft rocks decay easily and 
the steeper slopes are scarred by large landslides making the 
slopes very precipitous, almost vertical or even concave. The 
bare face is further ravined by the action of rain and running 
water. 

Sometimes huge landslides might occur and might blockade 
the course of the river and dam it into a lake which might ulti- 
mately overflow and wash away the barrier causing serious floods 
below. 

Development of Landforms in the Bhagirathi Valley 

. I have, already stated that the Himalayas are traversed by 
several important rivers which have carved out interesting 
valleys. One such main valley is that of the Bhagirathi which 
I have investigated carefully between Tehri and Gangotri. 
The account given below will apply generally to similar valleys. 
The Tehri-Gangotri region covers a distance of a hundred 
miles by road The various factors which affect the develop- 
ment of latjOforms have been referred to above. The relief 
gradually decreases as one proceeds downstream. Near 
Gangotri the bed of the Bhagirathi is more than 9,000 feet, 
while in the neighbourhood of Tehri it is about 2,000 feet 
above the sea level. With regard to structure the nature of 
the divisional planes has been noted in each Case. There is only 
small variation in process, while the stage remains the same. 
Of al l these factors the influence of geology appears supreme 
as with the change of rocks there is the alteration in landforms. 



Plate IV To face p. 24. 



Fig. 2 — Gorge of the Jadh Ganga from the iron bridge looking 
upstream. The gorge has been carved out in tht- gs#«ite. 

P/iofo : H.*L. Chhibber. 





Plate V T- 



Fig, 1— The Quartzite hills behind Gyanju near Uttarkashi. 

'?hoto : H. L. Chhibber. 
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Landforms near Tehri 

The peaks in the neighbourhood of Tehri tend to be 
pyramidal and the spurs have convex slopes, but where traversed 
by streams, they are rendered concave. The range, on which 
Pratabgarh is situated, has a sharp-crested ridge which runs 
practically flat for some distance to the south-east and farther 
beyond has a few pyramidal . peaks which may be roundfed 
occasionally. The upper portion is definitely composed of the 
quartzites with steep sides. Crags are common. 

The phyllites below form flat tops and descend with spurs 
having convex slopes.' On the spurs settlements are -located. 
Water courses have carved out deep valleys. Tn the tributary 
valleys huge landslides; hundreds of feet in height, are to be 
observed as a result of gravity, soliflucation, etc. The junction 
of the schists, phyllites and the quartzites can be observed from 
a change in the landforms in the two formations. 

The peaks in the schists behind Godi are somewhat 
rounded or rpughly pyramidal with a somewhat flat cleavage 
face and with a scarp face on the other. The spurs descending 
from the peahs are sharpredged with low peaks rising ' in 
places. . 


The Gorge of the BhagirathiTn the Quartzites 

Near Nalapani above Dharasu the Bhagirathi has cut a 
vary narrow gorge in the quartzites with very precipitous sides, 
more than 3,000 feet in elevation (See Plate V, Fig.|^2). It indeed 
presents a great contrast to the generally open vally of the schists 
and phyllites observed between Tehri and Dharasu and is due 
to the resistant character of the quartzites., Eyen the small water 
courses observed above the left bank are almost perpendicular. 
It is remarkable that no river terraces are to. be observed in this 
gorge. Here no cultivation not any habitation; was observed 
in the lower part of the gorge. Only sparse pine trees are 
to be seen. ? 

4 
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Dip and Scarp Slopes forming sides of the 
Tributary Streams 

It is noteworthy that near Suki, Jhala, etc. en route to 
G^gotri a- remarkable feature was observed that one side of 
the streaih shows dip-slope, while the opposite side is composed 
of the scarp slope. This was observed in a characteristic manner 
with regard to the Son and the Sian Gads taking their rise from 
the glaciers of the Great Himalaya. The southern face of the 
Pilgau Dhar above Bhelatipri showed the same feature (See Plate 
VI, Fig. 2). 

At Harsil above the left bank of the Bhagirathi flat 
cleavage, slopes of the metamorphic rocks dipping at steep 
angles- are to be observed, while on the opposite side steep 
scarp slopes are to be seen. 

The Granitic Region 

I have observed several granitic regions in India, Burma 
and Europe, but the granite scenery in the neighbourhood 
of Gangotri and Bhaironghati remains unique*, perhaps on 
account of its elevation in the Great Himalaya, and the process 
connected with a young active- river. As observed by flat 
river terraces the river has been rejuvenated several times. 
As soon as its action was arrested by attaining the base level 
of erosion it received a great jerk and was made to»commence 
its work of vertical corrasioa again. : . „ 

The dMerence in the scenery of the schists and Ahe granitic 
country rev^s how geology influences the development -of 
landforms. In the granitic, country a very constricted gorge 
with overhanging, cliffs in places is to be observed- and it 
would be difficult to find a more suitable text book illustration 
than the gorge of the Jadh Ganga (See Plate IV, Fig. 2) which 
meets the Bhagirathi near Bhaironghati, while, as noted above, 
broad valleys are are formed in the schists and phyllite country, 
e.g., b^ween Tehri and Dharasu, (See Plate VI, Fig. 1, Plate IX, 
Fig. 2 and others) etc. 



Plate VI 


To face p. 26. 



Fig. 2 — Southern face of the Pilgau Dhar above Bhelatiprj, show- 
ing the scarp and the dip-slope. ‘ . 

* "Photo : H. L'- Chhibber. 


Plate VII 


To face p. 26. 



Fig. 2— The Bhagirathi Valley near Saunra below Sainj* <=> ^ 

P/ 20/0 : PI. -L. Ch/i/bher. 


Plate VTII 


To face p. 26* 



Fig. 1 — The Bhagirathi at Uttarkashi looking downstream with 
the Suspension Bridge, Note the broad open longitudinal 
valley in quartizites. 

P/ia/o : H. IL. Chhihher. 



Fig, 2 — Dip and scarp slopes of the quartizites above the right 
bank of the Salalam Gad behind Barethi village near 
XJttarkaslii, 


Vhoto r. Chkibber. 




Plate IX 


To face p. 26. 



Fi„ l_Dharasu village from the road, a littte downstream. Note 
^ the form of the hill composed of the schistose rocks m 
the background. 







H. li. OHHIBBEB : THE DEVELOPMENT OP LANDPOBMS IN THE HIMALAYAS 27 

Longitudinal Valleys in the Himalayas 
Kashmir Valley 

While discussing the landforms of the Himalyas I must 
not omit to refet to the important longitudinal valleys in 
the- Himalayas. Commencing from north-west there is the 
picturesque valley of Kashmir which is the largest of its kind. 
As noted already, it is 80 miles in length with a maximum width 
of 26 miles. The Jhelum takes its rise from the spring of 
Vernag (Verinag) at an elevation of about 6,000 feet above the 
sea level, while the town of Srinagar is 5,200 feet above the 
sea level. The valley is bounded by the Middle Himalayas, 
but it is practically flat and the rivers descending from the 
Himalayas develop broad and braided courses and the Jhelum 
itself follows a very serpentinous course. It is noteworthy that 
part of the valley is occupied by lakes which must have been 
more extensive in the past. I am definitely of the opinion that 
the Wular and the Dal originally formed one sheet of water 
and the intervening Anchar, Manasbal lakes, etc. represent the 
vestiges of tha,t sheet of water. 

From the valley flat- topped Karewas rise in places. The 
space would not permit me to deal with them here. 

Doon. and other Valleys 

Next important valley is the- Doon Valley which is boun- 
ded by the gentle dip-slope of the Siwaliks in the south, while 
in the north it is hemmed practically by the Mussourie Range. 
Such valleys are very common in this part and sometimes a 
longitudinal valley may occur in the Siwalik Range itself. 

Katmandu Valley 

The third important valley is the Katmandu Valley which 
has an area of about 144 square miles and is hemmed m all 
sides by ranges of the Middle Himalayas attaining elevations 
exceeding 8,000-9,000 feet above the sea level. From these 
ranges spurs descend on to the valley and in th# embayments 
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cultivation is cafried on. During Octobet it appeared like a 
vast expanse of paddy. Katmandu, as noted already, is situated 
at an elevation of 4,271 feet above the sea level. There is 
no doubt that during the Pleistocene period the valley was 
occupied by a lake and by its infilling practically a level plain 
of sand-rock was formed. This was dissected subsequently 
by rivers and the streams with the development of somewhat 
broad and deep valleys ; the country today is highly undulating. 
Islands of limestone and other rocks are to be found in the 
valley throug which the Bagmati has cut moderately deep 
gorges and in places the hills of Chobhar, etc. occur. 

Landforms in the Great Himalaya 

Some of the landforms enumerated in the case of the Middle 
Himalayas are also to be observed in the Great Himalaya, but the 
elevation being greater, here precipitation in the form of snow 
is much greater and consequently the action of snow and ice 
is very characteristic of this region. Glaciers, both longitudinal 
and transverse, develop and carve out glaciated topography. 
Most of this region is generally clad with snow and is too 
cold, except in the valleys, for cultivation and human nomadic 
habitation. Alpine pastures occur in suitable places where the 
people may take their sheep and goat and even cattle in the 
lower regions for grazing during summer. 

In this region glacial lakes are common. Rock basins, 
originally carved out by former glaciers, may occur at much lower 
levels than where glaciers descend today.^i This indicates the 
extent of recession of the glaciers. For example, the Gangotri 
glacier has its snout at 12,777 feet above the sea level, while the 
glacial lakes representing old rock basins occur near Dharali at 
an altitude of 9,200 feet above the sea level. No glaciers occur 
in this neighbourhood today. 

The hanging valleys and waterfalls are more common in 
this region ^d some of the latter may be 200 feet or even more 
in h^ght. tSowever, not all hanging valleys may be of glacial 
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origin. In this region the action of frost is very severe and where 
the rock is jointed and the joiats dip with gravity, rockfaUs, 
sometimes huge in size, are very common. For example, they 
have caused considerable damage at Gangotri. The huts are 
sometimes carried away and generally a stone fencing is placed 
round a hut for purposes of safety. 

This region comprises an endless vista of mountains or 
a chain of peaks, about 20,000 feet or more in elevation above 
the sea level and not infrequently culminating in a pointed majestic 
summit. The peaks comprise massifs, great rock-peaks, pyramidal 
peaks and white domes or beautifully shaped snow-cone summits. 
Sometimes there may be twin peaks or the main peak may have 
its satellites. The peaks are connected by dazzlingly white sharp 
or knife-edged ridges with cols, 18,000 feet or more in elevation. 

Mount Everest, the loftiest peak in the world, forms an 
imposing massif when viewed from the north, although the 
northern face is built of a series of dip slopes, while the 
southern face is composed of scarps. The Kanchenjunga massif 
with five peaks rises up in a series of almost vertical precipices 
and battlemented ridges. Mount Godwin Austen or -Kg , 
28, 278 feet above the sea level, representing the highest peak 
of the Karakoram, builds a steep sided cone. Sometimes an 
indescribably forbidding face of a peak, e.g,, the Trisul may 
rise thousands of feet above the surrounding ground. In places 
occur the overhanging rocks with snow-fluted precipices dropping 
several thousands of feet. The Naga Parbat rises from the Indus 
Valley more than 20,000 feet below. The slopes as^not only 
very precipitous in places with crevasses and chasms, but ice 
waUs, ice falls, rock walls, etc. are common. In places enormous 
and treacherous scree slopes also occur. 

As noted already precipitation is mainly in the form of 
snow and the lower regions represent a land of glaciers with 
all their characteristic features showing crevasses, a series of 
surface moraines, etc. In places there is so much moraine matter 
or an incredible quantity of rock may cover the ice ftiat it ap'^ears 
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like a glacier of rocks. Some of these glaciers are gigantic in 
size, both longitudinal and transverse in trend. Sometimes a 
glacier valley is narrow and there one feels deep down as in a 
crevasse between walls rising 10,000-12,000 feet above the valley 
bottom, only two miles in width. There is no doubt that since 
the Pleistocene Ice age they have definitely retreated as glacial 
lakes representing rock basins originally scooped out by glaciers 
exist at levels lower than where they descend today. From their 
snouts issue forth streams which may follow a longitudinal trend 
for some distance, but then pierce the Great Himalaya and carve 
out deep and narrow gorges. In more resistant rocks like the 
granite these gorges become especially constricted and sides 
of 1,000 feet in elevation or more above the bed of the river are 
quite common. The bed may be further choked with blocks 
fallen from above and the foaming water of the rushing torrent 
has to stmggle through them to proceed downstream. Thus in 
this region the action of frost, and the work of snow and ice are 
seen at their best in the sculpture of its mighty peaks, knife- 
edged ridges, awe-inspiring and forbidding faces, glaciated 
valleys, moraine deposits, etc. Finally the work of normal 
erosion in carving out deeping valleys and gorges has been 
referred to above. 

Distant Views of the Great Himalaya 

Before I conclude I would like to refer to the distant 
views observed of the Great Himalaya on my trek between 
Tehri and Gangotri. These views give a comprehensive and 
broad glimpse of this part of the range. 

The first beautiful view of the snow-clad Great Himalaya 
was observed af Chamakhal, 13 miles before Tehri. The 
range was observed to run practically east-west with a lower 
range running parallel to it. The other lower ranges had 
obviously been dissected by the, valleys. 

Agaii\ a glimpse of the snows was observed a little above 
Mafgaon, tfirough a pass in the lower range. A little farther 
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on a patt of the snow-clad range was observed showing a 
pyramidal peak with almost vertical southern face. 

From the confluence of the Sian Gad with the Bhagirathi 
looking eastwards a practically snow-clad peak of the Hima- 
laya was seen. It may be noted that although it was almost 
dark in the valley in the evening, the peaks were observed to 
be sunlit. As observed before Vagori near Harsil, dark peaks 
with a silvery-white snow against the red glow of the evening 
sky made a very lovely sight indeed. 
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THE EXTERNAL RELATIONSHIPS OE THE INDIAN' FRESH- 
WATER FISHES, WITH SPECIAL REFERENCE TO THE 
COUNTRIES BORDERING ON THE INDIAN OCEAN.* 

By A. G. K. Mbnon, M.A., M.Sc., Assistant Zoologist, Zoological Survey of 

India, Calcutta. 

(Communicated by Simder Lai Hora, F.A.S.) 

{Badger received on 6th November, 1954.) 

Intbodtjotion 

In a recent communication (Menon, 1953) dealing with ‘the age of the 
transgression of the Bay of Bengal and its significance in the evolution of 
the fresh-water fish fauna of India’, it has been shown that there are 89 
genera of primary fresh- water fishes in the Indian waters. In this paper 
their external relationships to the countries bordering on the Tnf^^a.n Ocean 
are traced and their geological ages and the factors that influenced then- 
migration are discussed. Gunther (1880), Day (1886), Blanford (1901) and 
Hora (1944) have already referred to the geographical relationships of the 
Indian fresh-water fish;^s. Gunther (Zoc. cit., p. 225), relying on groups 
instead of genera and species, concluded that ‘there exists a great afSnity 
between, the Indian and African regions; seventeen out of the twenty-six 
famili^ or groups foimd in the former are represented by one or more species 
in Africa, and many of the African species are not even generioally different 
from the Indian’. Day (loc. cit., p. 317), after a careful study of the Indian 
fresh- water fishes, came to an entirely different conclusion. According to 
him ‘in India,' as restricted, I found 87 genera of fresh- water fishes, of which 
only 14 have representatives in Africa, while among the 369 species of which 
these genera are composed, only 4 extend to Africa. If we examine the 
relationships of the same fauna to this restricted Indian area we find, of the 
87 genera^- 44 extend to the Malaya Archipelago, and of the 369 species 
292 are present in both localities’. After Day, Blanford (op. cit.) referred 
to the disfribution of fresh- water fishes and his conclusions supported those 
of Day. Further, from his study of the other groups of vertebrates, he 
ooncluded (p. 433-34) : 

The Indo-Malayan element in the fauna is very ricldy represented 
in the Eastern Himalayas, and gradually diminishes to the westward, 
until in Kashmir and furtheie.^west it ceases to be the principal consti- 
tuent: Almost all the Indo-Malayan genera, and a large portion of the 
species, are identical with Assamese and Burmese* forms. These facts 
consistent with the theory that the Indo-Malayan part of the 
-Himalayan fauna, or the greater portion of it, has migrated into the 
mountains from the east^rd at a comparatively recent period. It is 
I. an important fact that this migration appears to have been from Assam 
not from the Peninsula of India.’ 


rs 1 'with, the kind permission of the Director, Zoologitsal Survey of India. 

^Icutta. This papenwas read at the Second Congress of the Ban Indian Ocean Science 
Association held m August 1954, at Australia. 

..... ' “('^1 ) 
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Hora’s extensive studies of the Indian fresh- water fishes also support 
the views expressed by Day and Blanford, Hora (1937, p. 351) stated: 

have been greatly struck by the close similarity'' of the Indian 
forms to those found towards the east in Indo-China, Siam, and the 
Malay Archipelago. As a result of a detailed study of the genera and 
species inliabitiug these regions, I am definitely of the opinion that the 
fresh-water fish fauna of India in the main originated in south-eastern 
Asia, most probably in Indo-China, and spread westwards by siiccessive 
wave§ of migration to India and later to Africa while the two masses 
of land were connected with each other. ’ 

Since then much advance has been made by Hora and his pupils in the 
fish geography of India and it has now been possible to explain most of the 
anomalies in the present-day distribution of the fresh-water fish fauna of 
India, especially the presence of the Malayan element in the fauna of Penin- 
sular India in terms of a main route of migration along the Satpura trend 
of mountains (Hora, 1949). I shall in this paper, however, discuss the 
distribution of the Indian fresh-water fishes only in such detail as would 
-clearly bring out their relationships to the countries bordering on the 
Indian Ocean. 


Extinct ebesh-water eish eatjna oe India and its external 

BELATIONSHIES 

The earliest known fresh- water fishes from India are referable to the 
genus Ceratodua Ag. from the Maleri beds in the Godavari valley of the 
Upper Triassic period, approximately 170 millidh years old (Hora and 
Menon, 1952). This genus, from its fossil records (Hora and Menon, op, cit,), 
seems to have evolved in the Northern Hemisphere during the early Triassic 
period and spread to the Southern Hemisphere probably along the corridor 
that stretched across the Tethys sea connecting Peninsular India with the 
North through the present-day Assam probably up to the Middle Eocene 
(Menon and Prashad, 1952). Prom India, the genus seems to Jiave spread 
over the whole of the Gondwana Continent, which, besides Peninsular India, 
included Madagascar, the southern parts of Africa, South America and 
Australia. No Lung-fish is found today in India, though forms allied to 
Ceratodua are living today in Queensland, Australia {JEpieeratodua Teller), 
South Africa (Protopterua Owen), and South America {Lepidoairen Nutt.). 
The Ganoids, which originated in Europe during the Middle Devonian times, 
were the second group of fishes that entered India during the Upper Juirassic^ 
probably along the same route as the Dipnoans (Hora and Menon, op, cit,). 
The Ganoids of the extinct genera Lepidotua^ Tetragonolepia and Dapedius 
colonized Indian waters and dispersed over the whole of the Gondwanaland 
in the same way as the Dipnoans. Prom India they were, however, 
entirely wiped out, probably due to the desiccation that followed the Jurassic 
epoch, though their near relations are still living in other parts of the world. 
Their fossils are known from the Kota beds of the Godavari Valley, approxi- 
mately 145 to 120 million years old. During the Cretaceous there seems to 
have occurred another wave of Ganoid migration into India consisting of 
the genera ]Pycnodus and Lepidoatem. Their fossils are known from, the 
Lameta beds at Dongargaon, Madhya Pradesh. ^ During fhi^ early Eocene 
another wave of migration from the north to India consisting oi Lepidosteus 
and certain Teleostean fishes of the families Osteo^lossidae, Cj^rinidae, 
Auabantidae and Nandidae had oGOurred, but since the Gondwanaland had 
toy then started, cracking between Ihdia, the' 
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route between these two countries, these fishes had not spread to Australia, 
but only to Africa and South Anaerica. In India fossils of these fishes are 
known from Deothan, Kheri, Takli and Paharsingha in Madhya Pradesh. 
This fauna, however, became entombed in the successive lava eruptions of 
the early Eocene epoch and there are no more fossil records of fresh- water 
fishes from Peninsular India after the Lower Eocene. Pliocene fossils of 
Glarias Scopoli, HeterobrancTius Geoffiroy, Ghanna Scopoli, GhrysioMhys 
Bleeker, Mystiis Scopoli, Rita Bleeker, Bagarius Bleeker and Silurw 
Linnaeus are, however, known from the Siwalik deposits of the Himalayas 
(Hora and Menon, 1953). 


Recent ebesh-wateb eish eauna of India and its bxtebnal 

BELATIONSHXPS 

As pointed out above there are 89 genera of primary fresh- water fishes 
which can be divided into the following 4 groups according to their external 
relationships to the coxmtries bordering the Indian Ocean. 


Group J. 

The genera listed below are common to India i and to one or more 
of the countries bordering on the east 2 as well as on the west 2. 


. t 

^ * 
v^5. * 

\K * 

^ * 
. * 


Notopterus Lacepede ' 
Rashora Bleeker 
Garra Hamilton 
Puntius Hamilton 
Oreimis McClelland 
NemacMlus Van Hasselt 
Silurus Linnaeus 
Ghanna Scopoli 
Andbas Cuvier 
Mc^tacemhelus Scopoli 


*^2. * Barilius Hamilton 

v4'l * Girrhinus Oken 
* Labeo Cuvier 
^ * Tor Gray 

Schizothorax lELeokel 
Mystus Scopoli 
k^ 14. f f Qlyplothorax Blyth 
V 16. Glarias Scopoli 
^18:'' * Amhassis Cuvier and Valen- 
ciennes 


Group II 


Group II consists of a single genus which is common to India (West 
Punjab) and the countries on the west (Baluchistan and Persia)! 


^ ScapModon Heckel 
Group III 

The following genera are common to India and to one or more of the 
countries on the east. 

vLl Ghda Hamilton ^2. Lauhuca Bleeker 

^ 3. JSJsomus Swainson Danio Hamilton 


1 Under Ixidia, Pakistan and Ceylon are included, thou^ politically, and in the 

case of Ceylon even geographically, they form separate countries. It may be pointed 
out here that Ceylon was intermittently cormected with the mainland as late as or even 
later than 10,000 years ago (Jacob, 1949). . . 

2 The countries bordering the Indian Ocean on the east are Burma, Malaya, 
Sumatra and Java. 

® The countries bordering the Indian Ocean on the west are Baluchistan, Persia, 
Arabia and Africa including Madagascar. 

* Pound both in Africa and Ceylon; f not found in Ceylon; ** not found in 
Africa; ft found neither in Africa nor in Ceylc^ towards the west they occur as far as 
Afghanistan or Baluchistan, Persia jax Syria* 
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Acrossocheilm Osbima 
Aspidoparia Heckel ’^8. 

Gatla Cuvier %A0, 

Osteobrama Heckel k 12. 

Eohtee Sykes 

Thynni(Mhys Bleeker *^6. 

Homalopfera Van Hasselt ^ 18. 
Botia Gray 

Semiplotus Bleeker s<f 22. 

Wallago Bleeker 

Rita Bleeker v'26. 

Bagarius Bleeker Vv.^8. 

Exostoma Blyth 

Laguvia Kora y82. 

Chaca Cuvier and Valenciennes , 34.. 
Eutropiichthys Bleeker 

Pseudeutropius Bleeker y88. 

Fluta Bloch and Schneider v 40. 
Golisa Cuvier and Valenciennes \42> 
NaTidus Cuvier and Valenciennes ^44. 
Macropodus Lac6p6de v46. 


Amblypharyngodon Bleeker 
Grossocheilus Van Hasselt 
Oreichthys Smith 
Osteoohilus Gunther 
Schismatorhynchus Bleeker 
Psilorhynchus McClell 
Acanthophthalmus Van Hasselt 
Lepidocephalichthys Bleeker 
Ompoh Lac6pdde 
Batasio Blyth 
Amblyceps Blyth 
EucMloglanis Regan 
Gagata !;6]eeker 
Pseudecheneis Blyth 
Olupisoma Swainson 
Pangasius Cuvier and Valen- 
ciennes 

Heteropneustes Muller 
Olyra McClelland 
Badis Bleeker 
Pristolepsis Jerdon 
Bhynchobdella Bloch and 
Schneider 


Group IV 

The following genera are endemic to India : 

^1. Parapsihrhynchus Hora 
^ 3, Balitora Gray 

Travancoria Hora 
V 7 . J erdonia Daf^ 

9. Somileptes Swaimson 
Hi- Conta Hora 
Vl3. Erethistoides Hora 
vl5. Mmrsglanis Hora and Silas 
vl7,^ CffesMcCleU 

Niotropiusl£ulkB»Tm 
\21. Silonia Swainson 
^ Amphipnous Muller 

From the above analysis, it may be seen that of the 89 genera occurring 
in India, excepting 23 endemic genera, 66 have relations with neighbouring 
countries bordering the Indian Ocean. Of these 66 genera, 19 are common 
to countries in the east as well as those in the west. This accounts for 29% 
of the 66 genera^ - The genus common to India and the countries on the 
west accounts fOr another 2%. There are 46 genera common to India 
and to the countries in the east, i.e. about 69%. Further, it is remark- 
able to note that there. is not a single genus common to India and Africa, 
which is also not found in the countries of the east. It is abundantly clear 
from these data that the relationships of the fresh-water fish fauna of India 
are with that of the Malayan fauna (Hora, op, cit,) and that there is hardly 
any typical Ethiopian element in it. A close examination of the endemic 
genera also shows that they are closely related to forms found in the coun- 
tries towards the east of India (Hora, 1937a; 1944, pp. 426-28; Silas, 1962). 


Lepidophygopsis Raj 
Bhavania Hora 
Aborichthys Chaudhuri 
N emachilichthys Day 
Horabagrus Jayaram 
Erethistes Muller and Troschel 
Hara Blyth 
Sisor Hamilton 
" Ailicb Gray 
Proeutropiichthys Hora 
Eoraglanis Menon 
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ObIGHH AHB SPBEAD of THE PBESEHT-DAY FBESH-WATEB FISH FAWA 

OF Ihdia 

I have referred earlier to the corridor that stretched acroso the Tethys 
Sea connecting Peninsular India with the north through the present-day 
Assam and along which the Dipnoans, the Ganoids and certain Teleosts 
had spread to the Peninsula. This fauna having been completely annihilated 
by the Eocene epoch (supra^ p. 3), the chances for its further invasion 
had also been cut off owing to the transgression of the Bay of Bengal during 
the Middle Eocene and the submergence of the Assam land connection 
between the Peninsula and the north (Menon and Prashad, op. ciL). 

Thus during the Upper Eocene, Miocene and early PHocene periods, 
when the Bay of Bengal extended northwards to China and Tibet separating 
India from the rest of Asia, the monsoon bearing winds had crossed to the 
north over this gulf making the climate of the Yuiman region, which was 
then a low land, temperate and equable (Hora, 1953). These conditions 



Text-fiu- 1. (ct) Distribution of land and sea in the Bengal, Assam and Burma 
regions during the Pre-Bay of Bengal transgression India in the Upper Cretaceous 
and the same during the Post-Bay of Bengal transgression India in the Middle 
Eocene which cut off the land connections between India and the Far East. 
(After M, S. Krishnan, Bull, Nat, Inst. Bci, India^ 1, pp. 25—29, 1952.) 


had probably facilitated the evolution of a rich and spepialized fish fauna 
there but it did not spread to India until the Pliocene when, with the major 
upheaval of the Himalayas, the land connection between India and farther 
east was once again established. Fossils of Clarias, Heterobranchus, ChanTia^ 
Rita, Bctgarius and Silwrus indicate that during the Phocene the migration 
of fish was ^entirely along the Himalayas. The Garo-Rajmahal gap was 
still under the sea and did not permit the Pliocene fish fauna to migrate 
southwards (Menon, op, cii.). 

During the Pliocene the South Chinese fish fauna had, however, spread 
not only along the Himalayas, but also further westwards to AJWca via 
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Afghanistan, Persia, Syria and Arabia. It has already been shown (Menon, 
1951) that during the Pliocene, wet, tropical conditions prevailed along the 
whole of tlj^e southern face of the Himalayas extending to China in the 
east and beyond Baluchistan towards the west, thus facilitating the spread 
of the marsh-loving fishes from south-west China to as far west as Africa. 
Most of the fishes of clear flowing water are, however. Pleistocene migrants. 
The typical Himalayan fauna consisting of Nemachilus, Garra, Tor, etc. 
which is not only characteristic of the hill-streams of the Oriental region, 
but also those of Persia, Arabia, S37ria and Africa, had undoubtedly origi- 
nated somewhere in south China and dispersed along the Alpine Himalayan 
system and its southern loops in Europe and Western Asia and the other 
associated mountains (Hora, 1951) during the Pliocene and early Pleistocene 
During the end of Pliocene or early Pleistocene a second major upheaval of the 
Himalayas had occxirred which raised the Siwalik sediments into dry land and 
the Siwalik fore-deep (Krishnan, 1934) gradually disappeared leaving a shallow 
depression — the Pleistocene fore-deep, which with the formation of the Assam 
Plateau by then, began draining northern India from Assam to the Arabian 
Sea (Hora, 1953a). This Pleistocene river was probably not pouring into 
the sea exactly at the place where the Indus today joins the Arabian Sea for 
^ the floor of the north-western part of the Indian Ocean as we know it today 
assumed its present form as a result of compression in Tertiary times, 
probably contemporaneously with the upheaval of the Alpine-Himalayan 
Mountain system and the Arcs of the Malay Archipelago and the formation 
of the Bift Valley. Consequently, in Pliocene or Post-Pliocene times the 
area of land that once filled the triangle now bounded by the northern part 
of the East Aifrican Coast and its continuation, the south-east coast of 
Arabia, the Baluchistan coast and the west coast of India, became separated 
off by a series of faults and was submerged to its present depth ’ (Wiseman 
and Sewell, 1937). 

Prom the present-day distribution of fresh- water fishes it would appear 
that the land-mass between the East African coast and the south-east 
coast of Arabia, the Baluchistan coast and the west coast of India had 
submerged only quite recently, probably simultaneously with the birth of 
the Ganga and the Indus. Till then the present-day Persian Gulf must have 
probably been a river valley in continuation of the Euphrates-Tigris basin 
and the Pleistocene fore-deep of the Himalayas may have had connections 
with it during the Pluvial periods of the Glacial epochs. Thus, from the 
Asian plateau in the east up to the headwaters of the Euphrates and the 
Tigris rivers there must have been a continuous route along which the fishes 
may have got widely dispersed. 


1 Though. Garra, 27or and N&machiltis have many representatives in Africa, 
including certain primitive forms, it should not, however, be considered as aaj. 
evidence of the origin of these genera in Africa and their transference from there 
to the east. In the case of the family Clariidae, I have already pointed out (Menon, 
op* cit*) how the family under favourable conditions in Africa had thrown out innumer- 
able genera and species there and how the primitive genus Seterobrctnchtis had con- 
tinued to exist unchanged in Africa on the on© hand and the Malay Archipelago on 
the other, while it has entirely disappeared from countries between them except as 
fossils in the Siwalik deposits in India. Primitive genera and species would, therefore, 
continue unchanged if environmental conditions of their habitats remain unchanged. 
The evolutionary history and the distribution of the Marsupials (d© Beaufort, 1951, 
p. 148) and the Bipnoan fishes (Hora and Menon, op* cit*) are further examples illustrat- 
ing this point.^ Both Marsupials and the Bipnoans were once distributed all over the 
northern continents, but were driven southwards into their present ‘blind alleys’ 
in the southern isolated continents where these primitive forms are still thidving whiJ© 
they have become entirely exterminated in their respective places of origin. 
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I kaye pointed ont earlier that the Garo-Rajmahal gap was tnider the 
sea during the whole of the Pliocene period and had therefore practically 
no migration of the fish fauna from the north to the Peninsula was possible. 
Only during the Pleistocene the Garo-Rajmahal gap became a dry land 
facilitating the migration of fishes to the south. During the Glacial periods 
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Text-fig. 2. The Physiography of the Garo-Rajmahal Gap. (a) Present-day 
conditions, (fe) Durmg the height of a glacial period. (After S. L. Hora, Proc^ 
Nat, Inst, Sci, India^ 17, p. 439, 1951.) 


of this epoch, aeustatic drop in the sea level of 600 feet had actually bridged 
up the Garo-Rajmahal gap topographically and climatically enabling the 
fresh-water fishes, especially the hill-stream forms, to cross over from the 
north to the Peninsula (Hora, 1961«&). There was also greater run-off of 
water in the streams and rivers especially in the big river like the Narbada- 
^apti along the Satpura-Vindhyas during the Ice-ages of the Pleistocene 
enabling the quick spread of the fish fauna from the north to the Peninsula. 

To sum u;^ it may be emphasized that the evidence of the distribution 
of the fresh-water fishes of Inda clearly indicates their South Chinese origin 
and their subsequent spread to the west along the Himalayas on the one 
hand and to the south-east along the Burma-Malaya arc and the Indo- 
Malayan mountains. There is thus no African element in the fresh-water 
fish fauna of India. On the other hand, it is the Indian element that is 
present in the fauna of Africa at the present time. 
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